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PART   I.— IKTRODUCTIOH 

l.Purpose  of  the  Installation 
2. Acknowledgements 
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—  IHTRODUCTIOU— 

The  apparatus  herein  descri'bed  was  in- 
stalled to  afford  a  means  of  continuously  in- 
dicating the  nature  and  extent  of  the  several 
losses  in  the  operation  of  the  boilers  in  the 
power  plant  of  the  Armour  Institute  of  Tech- 
nology.  Since  the  conditions  which  influence 
the  operation  of  the  toiler  vary  continually, 
the  phenomena  of  combustion  must  be  continu- 
ously indicated  in  order  to  be  properly  con- 
trolled so  as  to  give  the  maximum  efficiency 
at  all  times. 

The  installation  of  this  apparatus  also 
affords  a  detailed  study  of  the  boiler  and 
furnace  losses  under  varying  conditions  of 
load,  depth  of  fuel  bed  and  draft.   The  in- 
stroments  being  both  indicating  end  record- 
ing, a  careful  record  of  boiler  performance 
can  be  kept  and  comparisons  of  daily,  weekly 
or  monthly  records  can  be  made  with  the  ob- 
ject of  increasing  economy  or  reducing  cost 
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of  operation* 

At  present,  the  necessity  of  such  instru- 
ments as  herein  descrihed,  has  heen  felt  more 
than  ever  because  of  the  varying  grades  of 
coal  received  and  a  rapid  means  is  necessary 
for  determining  the  proper  operating  condi- 
tions. 

The  selection  of  the  instruments  has 
"been  given  much  thought  with  simplicity  as  an 
important  consideration.  To  get  the  best  at- 
tention and  interest  of  the  engineer,  the  in- 
struments must  he  simple  in  construction,  ac- 
curate, and  require  little  repair.  There  is 
nothing  that  is  more  disheartening  to  the  en- 
gineer than  to  have  instruments  which  he  is 
uncertain  about  and  this  leads  to  neglect  end 
disuse  of  the  apparatus. 

- -A  CEKOWIEDGEMEMTS— 
The  installation  of  the  equipment  de- 
scribed herein  was  undertaken  with  the  approv- 
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al  of  G.F.  Gebhardt ,  Professor  of  Mechanical 
Engineering  and  heed  of  the  Department  of  Mech- 
anical Engineering  of  the  Armour  Institute  of 
Technology,  and  was  carried  out  under  his  sup- 
ervision.  To  him  the  writer  is  indebted  for 
man^  valuehle  suggestions  end  also  for  his  as- 
sistance in  criticizing  and  revising  the  manu- 
script.  Acknowledgement  is  slso  due  Mr. J.Allen, 
chief  operating  engineer,  for  his  assistance 
and  help  in  installing  the  apparatus. 
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PART  II. IKFLUMCES  THAT  EFFECT  FURSACE 

ABD  BOILER  EFFICIENCY  AHD  IKSTRU- 
MEHTS  WHICH  AID    IM  HIGHER  ECOKOMy. 
3. Excess  Air 
4. Clean  Boilers 
5. Tight  Settings 
6. Skillful  Firing 

7. Knowledge  of  Chemic&l  Composition 
and  Physical  Properties  of  the 
Coal  Used. 
8. Furnace  Adapted  to  the  Fuel  Used. 
9. Draft  Regulation 
lO.Continous  Knowledge  of  COg  and 

Temperature. 
11. Influences  and  importance  of  Draft 
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EXCESS  AIR. 

Before  discussing  the  actual  installation 
of  the  apparatus  later  descrited  it  is  proper 
to  investigate  the  magnitude  of  the  losses 
common  to  the  hoiler  and  to  see  just  what  remed- 
ies should  he  applied. 

Fig.(l)  is  a  graphic  representation  of  the 
average  losses  in  the  power  plant  of  an  indus- 
trial plant  of  from  1,000  to  2,000  horsepower. 
The  process  of  power  generation,  its  transmiss- 
ion and  utilization,  is  shown  as  a  stream  of 
heat  starting  with  the  coal  fired  under  the 
boiler  and  ending  in  the  power  utilized  in  a 
mill.   The  losses  are  shown  as  streams  branch- 
ing off  to  one  side  from  the  main  stream.  The 
first  five  side  streams  represent  the  boiler 
room  losses,  and  altogether  amount  to  43>o  of 
the  heat  in  the  coal  fired.  The  second  loss, 
which  is  the  heat  carried  away  by  the  dry  chim- 
ney gases,  is  the  largest  of  boiler  room  loss- 
es.  It  amounts  to  26i«  of  the  total  heat  in 
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the  coal  fired  and  is  much  larger  than  all 
the  other  boiler-room  losses  put  together.  It 
is  this  loss  that,  hy  the  intelligent  use  of 
the  instruments  installed,  can  he  greatly  re- 
duced without  increasing  any  of  the  other  loss- 
es, and  is  the  only  one  which  will  be  discussed 
at  length  here. 

For  the  complete  combustion  of  1  pound  of 
carbon,  which  is  our  most  perfect  fuel,  11.58 
pounds  of  air  are  required  for  theoretically 
complete  combustion.   The  air  is  taken  into  the 
furnace  at  atmospheric  temperature  and  leaves 
the  boiler  at  a  temperature  of  about  500  de- 
grees F. higher.   It  carries  along  with  it  all 
the  heat  that  has  been  absorbed  in  raising  its 
temperature  500  deg.F.   Each  pound  of  air  or 
of  the  products  of  combustion  ebsorbs  approx- 
imately one-fourth  of  a  heat  unit  per  degree 
of  temperature  rise.   Therefore,  with  a  tem- 
perature elevation  of  500  deg.F.  each  pound  ab- 
sorbs 500.  or  126,  heat  units. 
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If  11.68  pounds  of  air  is  used  to  bum  1 
pound  of  carbon  the  products  resulting  from  the 
combustion  weigh  12.58  pounds*   The  quantity 
of  heat  carried  out  with  the  chimney  gases  for 
each  pound  of  carbon  burned  then  is  12.58  times 
125,  or  1672.5,  heat  units.   If  one  pound  of 
carbon  contains  14,540  heat  units,  the  heat 

carried  out  with  the  chimney  constitutes  1.572.5, 

14,540 
or  10.81  per  cent,  of  the  total  heat  in  the  car- 
bon.  This  is  the  minimum  heet  loss  which  is 
possible  in  burning  pure  carbon  with  the  theo- 
retical amount  of  air  for  perfect  combustion. 

In  practice,  to  obtain  perfect  combustion 
an  excess  of  air  Is  required.  With  30  per  cent 
of  excess  air,  the  air  required  would  be  11.58 
-V*  .5(11.58),  or  15.05  pounds,  say  15.00  povinds. 
The  products  resulting  from  the  combustion  of  1 
pound  of  carbon  in  this  ease  would  weigh  16 
pounds.   The  quantity  of  heat  carried  out  with 
the  chimney  gases  for  each  po\ind  of  carbon  burn- 
ed then  is  16  times  125,  or  2,000  heat  units,  or 
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13.7  per  cent,  of  the  total  heat  in  the  car- 
bon* 

If  instead  of  using  15  pounds  of  air  to 
burn  one  pound  of  carbon,  the  fireman  uses  31 
pounds  of  air,  the  products  of  combustion 
weigh  32  pounds  and  the  heat  loss  in  the  dry 
chimney  gases  is  32  times  125,  or  4,000  heat 
units,  or  27.4  per  cent  of  the  total  heat  in 
the  coal  fired.  Thus  it  can  be  shown  that  the 
chimney  losses  increase  almost  directly  with 
the  amount  of  air  used  for  the  combustion  of 
coal. 

Combustion  of  coal  is  a  chemical  combi- 
nation of  its  carbon  and  hydrogen  with  the 
oxygen  of  the  air,  the  products  of  combust- 
ion are  carbon  dioxide  end  water  vapor  re- 
spectively. Air  consists  approximately  of 
20  per  cent  of  oxygen  and  80  per  cent  of  ni- 
trogen by  volume.  If  all  the  oxygen  that  en- 
ters the  furnace  were  used  in  combustion,  the 
analysis  of  the  products  would  show  about 
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81.5  per  cent  of  nitrogen  and  18.15  per  cent 
of  carbon  dioxide.   The  percentage  of  carton 
dioxide  would  not  be  as  high  as  the  percent- 
age of  oxygen  in  the  air  admitted  into  the 
furnace  because  some  of  the  oxygen  combines 
with  the  free  hydrogen  of  coal  and  forms  wat- 
er vjrpor  which  is  condensed  and  therefore  does 
not  appear  in  the  analyses  of  the  gases. 

If  only  one-half  of  the  air  entering  the 
furnace  is  used  in  the  combustion  of  coal  the 
analysis  of  the  products  shows  about  9  per  cent 
of  carbon  dioxide  and  10  per  cent  of  free  ox- 
ygen--thatis,  about  one-half  of  the  oxygen  ap- 
pears in  the  form  COg  and  the  other  one-half 
as  Og.   The  COg  is  not  exactly  equel  to  the  Og, 
because  a  small  part  of  the  oxygen  used  in  com- 
bustion combines  with  the  hydrogen  of  the  coal 
and  is  condensed  as  water.   Thus  the  COg  content 
of  the  flue  gases  shows  what  proportion  of  the 
air  entering  the  furnace  is  actually  used  in  the 
process  of  combustion  end  the  oxygen  content 
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shows  what  proportion  is  in  excess  of  the 
amount  actually  used. 

iiesides  increasing  the  chimney  losses,  the 
use  of  a  large  excess  of  air  reduces  appreciably 
the  horsepower  thet  can  he  developed  with  a  giv- 
en "boiler  installation*   This  feature  is  an  im- 
portant one  in  case  the  boiler  plant  is  heavily 
loaded. 

it  is  apparent  then,  that  if  the  chimney 
losses  are  to  be  low,  and  the  horsepower  devel- 
oped by  the  boiler  high,  the  weight  of  air  used 
must  be  at  a  minimiun  or  as  low  as  completeness 
of  combustion  will  permit;  15  pounds  of  air  to 
1  pound  of  coal,  if  properly  introduced  into  the 
furnace  and  with  careful  firing  gives  practic- 
ally complete  combustion  in  most  boiler  furnaces. 
It  is  just  this  information  than  the  analysis  of 
the  flue  gases  furnishes  (the  quantity  of  air  be- 
ing used  for  combustion). 

The  factors  which  enter  into  the  elimination 
of  waste  in  steam  boiler  practice  are  many,  but; 
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sifting  the  essentials  from  the  non-essentials 

we  have  the  following  items  which  require  study 

and  adjustment: 

1. Glean  hoilere. 

2. Tight  settings. 

3. Skillful  firing. 

4. Knowledge  of  the  chemical  composition  and  phy- 
sical properties  of  the  coel  used. 

5. Furnace  adapted  to  the  fuel  used. 

6. Draft  regulation. 

7. Continuous  knowledge  of  the  percent  of  COg 
contained  in  the  flue  gas  and  its  temperature 
at  the  point  it  leaves  the  boiler. 

CLEM  BOILERS. 
From  the  many  tests  made  on  the  transmiss- 
ion of  heat  into  steam  "boilers  and  the  effect 
of  scale  and  soot  on  the  coefficient  of  heat 
transmission,  it  will  he  found  that  clean  toil- 
ers are  absolutely  essential  toward  higher  ec- 
onomy. 
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These  deposits  need  not  "be  considered  as 
long  as  the  boiler  surface  is  capa"ble  of  trans- 
mitting the  heat  generated,  £ind  there  is  no  de- 
crease in  efficiency,  as  is  the  case  with  TdoII- 
ers  running  under  rating.   But  with  boilers 
running  at  or  above  rating  the  effects  increase 
rapidly.   The  boiler  surface  being  incapable  of 
transmitting  any  more  heat  to  the  water,  the  ex- 
cess heat  tends  to  raise  the  temperature  of  the 
metal  above  that  of  the  steam  causing  the  tubes 
and  sheets  to  bum  out  or  bulge  with  a  corre- 
sponding decrease  in  the  life  of  the  boiler. 
The  excess  heat,  or  that  above  the  amount  used 
for  steam  making,  also  passes  off  into  the  flue, 
increasing  the  temperature  of  the  dry-chiraney 
gases  with  a  resultant  decrease  in  efficiency* 

--TliiHT  SETTIliKJS.-- 
Tight  settings  are  the  exception  rather 
than  the  rule.  This  is  one  of  the  most  prolific 
causes  of  low  boiler  efficiency.  From  EO  percent 
to  30  per  cent  of  the  air  passing  through  the 
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fire  and  furnace  is  drawn  through  numerous 
oracks  with  the  greater  num'ber  nearer  to  the 
30  per  cent  limit.  Since  the  air  so  entering 
cannot  aid  comhustion  hut  is  all  heated  to 
the  stack  temperature,  it  follows  that  25  per 
cent  air  infiltration  will  increase  the  heat 
wasted  hy  the  chimney  hy  just  that  amount. 
It  will  later  he  seen  that  this  is  also  a  con- 
dition which  seriously  effects  draft  indica- 
tion from  being  used  separately  to  indicate 
hoiler  efficiency. 

The  set'  ings  of  all  boilers  should  he 
kept  air-tight.  Too  frequently  no  attention 
is  given  to  this  feature.  Leakage  usually  oc- 
curs through  cracks  in  the  walls  of  the  sett- 
ings or  where  masonry  makes  a  joint  with  the 
metal  parts  of  the  boiler.  The  walls  them- 
selves if  free  from  cracks  and  made  of  good 
bricks  properly  laid  in  good  mortar,  are  fair- 
ly air  tight  with  the  usual  pressure  differ- 
ence on  the  two  sides.  Cracks  in  the  walls 
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and  the  openings  of  Joints  are  caused  by  diff- 
erence in  expansion  due  to  variations  in  tem- 
perature.  They  cannot  be  prevented,  but  when 
they  form  they  should  be  stopped. 

Another  common  source  of  leaks  in  small 
boiler  plants  is  badly  fitting  doors  in  the 
boiler.   Some  of  these  doors  seem  to  have  no 
provision  to  keep  them  closed;  a  brick  is  set 
against  them  to  keep  them  from  flying  open. 
At  some  plants  the  cast  iron  frame  of the  ash 
door  is  loose  from  the  wall  and  allows  con- 
siderable air  to  leak  in.   There  may  be  many 
leaks  in  a  boiler  setting,  but  those  mention- 
ed are  typical  ones.  A  good  way  to  find  a 
leak  is  to  hold  a  candle  or  torch  to  the  sus- 
pected place,  and  if  there  is  a  leakage  the 
flame  is  drawn  in* 

All  boilers  with  a  brick  setting  should 
be  frequently  examined  for  leakage,  for,  as  a 
rule  there  is  always  plenty  to  be  found.  Every 
leak,  no  matter  how  insignificant  it  may  ap- 
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pear  to  "be  should  te   promptly  stopped.   Time 
spent  in  keeping  a  setting  tight  is  time  well 
spent. 

—  SZILLFDL  FIRING— 
The  fireman  is  the  man  in  charge  of  the 
boiler  and  it  is  his  duty  to  supply  the  nec- 
essary quantity  of  steam  at  the  desired  pres- 
sure. With  only  the  pressure  gauge  as  a  guide, 
he  strikes  some  relation  between  draft,  thick- 
ness of  fuel  bed,  end  rate  of  driving  which 
will  give  him  the  capacity  regardless  of  ec- 
onomy. With  the  skill  that  he  possesses,  he 
will  prevent  holes  from  accumulating  in  the 
fire  by  observation  and  see  that  no  uncon- 
sumed  coal  is  carried  over  the  end  of  the 
grate.   If  the  fire  tends  to  draw  away  from 
the  grate,  he  will  decrease  the  speed  and  in- 
crease the  thickness,  or  adjust  the  dampers. 
If  the  fire  tends  to  pass  over  into  the  ash 
pit,  the  fuel  feed  is  too  fast  or  too  thick. 
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or  the  furnace  is  given  insufficient  draft. 
For  economical  firing,  tiie  fuel  should  he 
consumed  upon  reaching  the  rear  turning  point. 
The  haci  end  of  the  grate  should  never  he 
hare  of  live  coals.   The  fires  are  to  he  kept 
clean  and  free  from  clinkers. 

This  is  what  is  ordinarily  termed  skill- 
ful firing  and  is  all  that  can  he  expected  of 
the  fireman  with  the  pressure  gauge  and  his 
judgement  as  his  only  guide.   Judging  the  oom- 
hustion  hy  the  eye  requires  an  exceedingly 
skillful  fireman  and  his  judgement  at  hest  is 
only  good  when  insufficient  air  is  heing  sup- 
plied which  is  seldom  the  case.  It  is  douht- 
ful  if  there  is  a  fireman  who  can  tell  any 
difference  in  the  combustion  hetween  100  per 
cent  and  200  per  cent  air  excess. 

But  hy  including  in  the  equipment  of  the 
fireman  a  full  compliment  of  indicating  instru- 
ments, his  skill  can  he  still  further  display- 
ed. By  keeping  the  COg  as  high  as  possible 
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without  an  increase  of  CO  and  the  temperature 
in  the  flue  as  low  as  possihle  and  studying 
the  relation  of  draft  to  these,  he  will  make 
a  step  toward  higher  economy. 

A  fuel  bed  resistance  should  be  obtained 
such  that  the  normal  amount  of  coal  can  be 
burned  without  excessive  draft.   If  a  thinner 
fire  than  this  is  used  there  is  a  greater  prob- 
ability that  there  will  be  holes  or  thin  places 
in  the  fuel  bed,  forming  pathes  of  least  re- 
sistance through  which  an  excessive  amount  of 
air  passes  with  a  conseqent  decrease  in  effi- 
ciency.  On  the  other  hand  if  the  thickness  of 
fire  is  materially  Increased  it  becomes  neces- 
sary to  use  more  draft  in  order  to  maintain  the 
load.  The  increased  draft  causes  an  increase 
in  air  leakage  through  the  setting,  etc.  there- 
by causing  the  efficiency  to  drop.   This  rea- 
soning is  based  on  the  assumption  that  there 
is  no  more  CO  formed  when  using  a  thicker  bed 
than  with  a  thinner  one.   There  is  a  well  mark- 
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ed  thickness  of  fire  for  each  load  which  gives 
the  maziraura  efficiency  and  as  the  load  de- 
creases the  depth  also  becomes  less* 

For  each  load,  or  rate  of  combustion,  a 
given  amount  of  air  is  necessary.   If  the  fuel 
"bed  is  too  thick,  or  dirty,  it  requires  a  heavy 
draft,  with  a  consequent  increase  in  air  leak- 
age through  places  other  than  the  fire,  thus 
causing  a  loss  in  efficiency.   If  it  is  too  thin 
the  draft  may  be  reduced,  but  in  this  case  the 
air  leakage  occurs  through  the  fuel  be  itself 
with  the  same  result  as  before. 

Temperature  measurements  of  the  gases  in 
the  flue  give  a  good  indication  of  the  condition 
of  the  boiler.  High  temperatures  in  the  stack 
may  indicate  broken  down  baffles  which  can  be 
quickly  corrected  before  the  loss  becomes  appre- 
ciable. A  rise  in  temperature  will  also  indi- 
cate dirty  boilers  and  scale  formation  showing 
a  decrease  in  heat  transmission.   On  the  other 
hand  a  decrease  in  temperature  from  the  normal 
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may  indicate  an  air  excess  and  in  conjunction 
with  C0_  can  be  verified. 

KUOWLEDGE  OF  THE  CHEMICAL  COMPOSITIOU 
MD  THE  PHYSICAL  PROPERTIES  OF  THE  COAL  USED. 

Knowledge  of  the  chemical  properties  and 
the  physical  properties  of  the  coal  used  is 
necessary  not  only  for  determining  the  proper 
design  of  furnace,  etc,  hut  it  is  valuable  in 
eYers^   day  operation  just  as  well.  Every  mater- 
ial change  in  the  chemical  end  physical  proper- 
ties of  the  coal  requires  a  change  in  the  method 
of  firing,  the  frequency  of  cleaning  the  fire, 
the  strength  of  draft,  etc  A  correct  knowledge 
of  the  chemical  composition  and  physical  prop- 
erties of  the  coal  used  will  therefore  be  of  ma- 
terial assistance  in  maintaining  a  high  effi- 
ciency in  every  day  practice. 

To  calculate  the  amount  of  air  required  for 
a  given  coal  and  to  ascertain  the  economy  of  com- 
bustion, the  ultimate  analysis  of  the  coal  used 
is  essential.  If  the  coal  delivered  to  the  plant 
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comes  from  a  particular  field  and  varies  only 
slightly,  an  exact  ultimate  analysis  is  desir- 
able. But  where  the  supply  changes  constantly 
and  comes  from  different  fields  the  expense  of 
having  each  coal  analyzed  is  out  of  the  question. 
The  time  involved  for  such  an  analysis  also  en- 
ters into  the  consideration.   The  coal  may  "be 
consumed  and  a  new  supply  from  a  different  field 
being  fed  into  the  furnace  "before  the  results  of 
the  analysis  are  obtained. 

By  the  use  of  the  many  analysis  published 
by  the  Bureau  of  Mines  and  a  proximate  analysis 
of  the  coal  used,  which  requires  only  a  short 
time,  a  calculated  value  for  the  ultimate  anal- 
ysis can  be  obtained  which  agrees  very  closely 
to  the  actual  value.  It  has  been  found  that  from 
a  given  locality  coals  have  practically  the  same 
analysis  when  expressed  on  a  "moisture,  ash,  and 
sulphur  free"  basis.  All  that  is  necessary  then 
is  to  know  the  locality  from  which  the  coal  comes 
end  a  proximate  analysis  made  thereof  to  compute 
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the  ultimate  analysis* 

— FUEUACE  ADAPTED  TO  FUEL  USED-- 

Every  engineer  knows  that  the  furnace  and 
grate  "bars  must  "be  adapted  to  the  kind  of  coal 
available,  if  good  results  are  to  "be  realized. 
It  may,  and  generally  does  require  the  ser- 
vices of  a  com"bustion  expert  to  determine  the 
grate  and  furnace  construction  "best  adapted  to 
"burning  a  given  fuel;  "but  when  these  condi- 
tions are  once  determined  there  is  no  good  rea- 
son why  they  should  not  be  maintained  in  every 
day  practice. 

At  present  the  conditions  are  such  that 
the  coal  for  wnich  the  furnace  is  adapted,  is 
not  always  eveila"ble.   Under  such  conditions 
the  only  thing  to  do  is  to  "bum  coals  as  effect- 
ively as  skillful  operation  permits  until  the 
proper  fuel  can  again  he  obtained. 

The  loss  of  fuel  through  grates  varies 
with  the  coal  and  grates  and  may  be  consider- 
able.  It  may  be  so  great  as  to  offset  all  the 
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other  advantages  gained  in  the  fuel,  more  par- 
ticularly the  price.   A  careful  record  should 
be  kept  of  this  item  and  compared  vrith  the  dif- 
ferent coals  used. 

The  material  that  is  removed  from  the  ash- 
pit is  called  "refuse"  and  that  part  that  is 
neither  coratustihle  nor  moisture  is  properly 
called  "ash".  Weighing  the  coal  as  fired  and 
also  the  amount  of  refuse  removed  is  essential 
to  information  leading  to  economy.   The  weight 
of  this  refuse  is  commonly,  but  incorrectly, call- 
ed ash  in  the  coal.  Under  the  best  conditions  a 
certain  amovmt  of  combustible  will  pass  through 
the  grates,   if  a  systematic  coal  analysis  is 
made,  the  difference  between  the  per  cent  of  re- 
fuse and  the  per  cent  of  ash  by  analysis  is  the 
per  cent  of  coal  lost  through  the  grates.   The 
heat  value  of  the  combustible  in  the  refuse  is 
usually  higher  than  that  of  the  coal  and  a  sep- 
arate calorimeter  test  may  be  made. 


(29) 


—DRAFT  REGULATIOH— 
Draft  regulation  is   a  most    important   fact- 
or in  the  proper    operation  of  a  steam-boiler 
and   is  probably  the   least  uMerstood.      In  the 
steam-boiler   ftirnace   the    hot  fuel  is   made  burn 
by  passing  a  current  of   air  through  it.      The 
air  so   supplied  serves   a  tvjofold  purpose,   sup- 
plying  the  necessary  oxygen  and  carrying   away 
the   gaseous  products  of  combustion.      In  order 
that   the  boiler  may  absorb  the  heat   generated 
by  combustion  and  contained  in  the   gaseous 
leaving   the  fuel    bed,   the  gases   are  caused  to 
flow  along  the  heating  plates  of  the  boiler 
and   to    impart  heat   to    them  by  coming  into    con- 
tact with  their   surfaces.      The  stronger   the 
current   of  air  through   the   fuel   bed  the   higher 
will  the  rate  of  combustion  be;   and,    the    strong- 
er the   current  of  gases   over  the  heating  sur- 
faces  the  faster  the  boiler  will  absorb  heat. 
It  becomes   ^iite  evident   that  the  motion  of   air 
and  of  ttee  gases   of   combustion  ia  very  essential 
to  the    operation  of  a  furnace  and  boiler.      The 
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motion  of  gases  is  produced  by  an  excess  of 
pressure  at  any  point  over  that  at  any  other 
point  toward  which  the  gases  are  flowing;  the 
greater  the  pressure  difference  the  higher  the 
velocity  of  flow. 

Draft  is  the  force  which  impels  the  air 
through  the  fire  and  the  products  of  combustion 
through  the  boiler  and  up  the  chimney.   Draft, 
whether  natural  forced  or  induced,  is  manifested 
by  a  difference  in  pressure.   The  effective  draft 
is  the  difference  in  pressure  between  the  air 
under  the  grate  bars  and  the  gases  leaving  the 
boiler;  it  is  composed  of  a  part,  viz.,  the  fur- 
nace draft  and  the  boiler  draft.   The  former  is 
the  pressure  difference  between  the  ash  pit  and 
the  furnace,  and  the  latter,  the  boiler  draft, 
is  the  pressure  difference  between  the  furnace 
and  the  uptake. 

There  are  three  ways  of  producing  such 
differences  of  pressure  as  will  cause  gases  to 
flow  through  the  fuel  bed  and  boiler  
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(1)  by  chimneys,  (2)  by  exhausting  gans  between 
boilers  and  chimneys,  and  (5)  by  pressure  fans 
supplying  air  under  the  grate. 

The  use  of  high  chimneys  is  most  common. 
They  reduce  the  pressures  inside  their  bases  so 
that  the  greater  pressure  of  the  atmosphere  out- 
side pushes  air  through  the  fuel  bed  and  th« 
gases  of  combustion  through  the  boilers  into  their 
bases.   The  reduction  of  pressures  is  due  to  the 
fact  that  the  gases  of  combustion  expand  when 
heated,  in  consequence  of  which  the  chimneys  con- 
tain smaller  vieights  of  gases  than  they  would  if 
chimneys  and  gases  were  cold.  We  then  have  the 
weight  of  a  column  of  hot  gases  in  the  chimney 
pressing  against  the  gases  in  the  uptake,  and 
the  weight  of  a  column  of  air  of  the  same  dimen- 
sions and  at  atmospheric  temperature  pressing 
against  the  air  in  the  ash  pit. 

Referring  to  pig,{£),  let  w  be  the  weight 
ofthe  column  of  hot  gases  in  the  chimney,  and  W 
the  weight  of  a  column  of  outside  air  of  the  same 
dimensions;  then  the  diff erence{d)  between  the 
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pressures  in  the  ash  pit  and  the  uptake  will  be 
the  difference  ■betV7een  the  weights  of  these  two 
columns  when  "both  have  unit  area  of  cross  sect- 
ion, or  drW-w. 

The  same  equation  will  he  obtained  if  we 
include  in  the  calculations  the  weights  of  the 
columns  of  air  above  the  chimney  end  above  the 
aforementioned  imaginary  column  of  cold  air 
outside  the  chimney.  Let  the  weights  of  these 
columns  be  A  (see  Fig. 2.);  then  the  total  weight 
pressing  against  the  ashpit  door  is  A-f-W  and  the 
total  weight  pressing  against  the  gases  in  the  up- 
take is  A4-W.   Therefore  the  difference,  d=A4-W- 
(A-t-wl-W-w,  as  before. 

As  a  result  of  this  difference  of  pressure 
the  outside  air  pushes  the  furnaces  gases  into 
the  chimney  and  through  it  into  the  open  atmos- 
phere. The  air  which  has  pushed  through  the  fuel 
bed  into  the  furnace  is  partly  modified  by  the 
combustion,  which  produces  more  furnace  gases, 
which  are  in  turn  pushed  out  through  the  chimney 
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into  the  open  sir. 

It  is  evident  that  the  hotter  the  gases 
in  the  chimney  the  more  they  ere  expanded  and 
the  lighter  they  hecome,  and  the  greater  is 
the  difference  of  gas  pressure  "between  the 
front  of  the  furnace  and  the  base  of  the  chim- 
ney; also  the  higher  the  chimney  the  greater 
is  the  difference  of  pressure. 

The  heat  energy  left  in  the  column  of 
gases  escaping  from  a  "boiler  is  not  entirely 
wasted,  as  a  part  of  it  is  used  in  keeping  up 
the  continuous  current  of  gases.  By  raisin;g 
the  temperature  of  the  gases  the  same  differ- 
ence of  pressures  between  the  uptake  end  the 
front  of  the  furnace  can  "be  had  by  a  low  chim- 
ney as  by  a  high  one,  although  such  a  method 
would  not  be  economical.  Anything  which  re- 
duces the  temperature  of  the  gases  while  in 
the  stack  reduces  the  magnitude  of  the  pres- 
sure difference  between  the  chimney  base  and 
the  furnace  doors;  on  this  account  less  coal 
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can  te  bnmed  and  less  steam  generated.   It 
follows  that  a  steel  stack  without  any  'brick 
lining  on  the  inside  is,  on  account  of  the 
high  thermal  conductivity  of  the  steel,  not 
as  efficient  as  a  brick  one,  provided  the  lat- 
ter is  absolutely  tight,  as  is  seldom  the  case. 

Another  method  of  reducing  the  gas  pres- 
sure in  the  uptake  of  the  boiler  setting  is  by 
an  exhaust  fan.  Usually  it  is  said  that  the 
exhaust  fan  sucks  or  pulls  the  gases  through 
the  boiler;  in  reality  no  such  action  can  oc- 
cur.  The  blades  of  the  fan  push  the  gases  out 
of  the  casing,  thereby  reducing  the  pressure 
in  it  below  that  in  the  furnace;  the  excess  of 
pressure  in  the  furnace  then  pushes  other  gas 
through  the  boiler  into  the  space  of  reduced 
pressure  inside  the  fan  casing,  and  so  the  cur- 
rent continues. 

Another  way  of  producing  as  excess  of  gas 
pressure  ujider  the  grate  over  that  in  the  uptake 
is  by  collecting  a  pressure  blower  or  fan  to.  the 
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space  under  the  grate,  so  as  to  increase  the 
pressure  therein  ahove  that  of  the  atmosphere. 
In  some  cases  the  whole  fireroom  is  put  under 
pressure.  This  method  is  ordinarily  termed 
"forced  draft",  in  contradistinction  to  the 
term  "induced  draft" •   There  is  however  no  es- 
sential difference  "between  the  two.   Oooasion- 
elly  they  are  used  together  and  sometimes  all 
three  methods  are  used. 

The  drop  of  gas  pressure  from  one  part  of 
the  boiler  setting  to  another  varies  as  some 
power  of  the  resistance  to  the  flow  of  gases. 
Thus  a  great  drop  from  ash  pit  to  furnace  in- 
dicates e  high  resistance  in  the  fuel  bed,  and 
a  great  drop  from  the  furnace  to  the  uptake  in- 
dicates a  high  resistance  to  the  flow  of  gases 
through  the  boiler  proper. 

The  boiler  draft  veries  directly  with  the 
volume  of  gas  coming  from  the  furnace,  hence 
for  the  same  rate  of  combustion  it  varies  in- 
versely es  the  percent  of  CO2  in  the  flue  gas, 
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and  for  the  same  per  oent  of  COg  it  varies  di- 
rectly as  the  rate  of  oom"bustion« 

The  furnace  draft  depends  on  many  things: 
(a)  the  kind  of  coal;  ("b)  the  rate  of  driving; 
(c)  the  thickness  of  fire;  (d)  the  conditions 
of  the  fire;  (e)  the  formation  of  clinker,  etc., 
from  all  of  which  it  is  evident  that  the  proper 
regulation  of  draft  requires  close  and  intelli- 
gent ohservation  end  judgement* 

— COHTINOUS  EUOWIEDGE  OF  COg  AKD  TEICPEEATUKE- - 
The  only  correct  and  adequate  way  of  con- 
trolling the  process  of  combustion  with  a  view 
to  higher  holler  efficiency  is  "by  a  systematic 
continous  knowledge  of  the  composition  of  the 
gases  of  combustion  and  in  connection,  the  stack 
temperatures.   These  two  items  constitute  a 
measure  of  the  heat  wasted  up  the  chimney  and  a 
lack  of  such  analysis  is  the  principal  reason 
why  the  higher  holler  efficiencies  practically 
demonstrated  "by  expert  tests  are  never  attained 
in  every  day  practice* 
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Maximum  efficiency  results  when  the 
necessary   amount   of   fuel   is    completely 
burned  with   a  minimum  excess   of   air,   and 
the    flue  gases   leave     the  boiler  with  the 
lowest   temperature   consistent  with  the 
rate  of  driving. 

Without   adquate   means    of   knowing   when 
this   condition   is   obtained,    it    is    impossible 
for   even  the   most   expert   fireman  to   obtain 
maximum  efficiency.      The  per  cent  of  COg   is 
a  correct   index  to   the  volumn  of   excess  air, 
and  hence   the    total  weight   of    the    flue    gas 
per    pound   of  of  coal  burned  multiplied  by 
its   specific  heat   and   temperatirre,    ie.,   the 
difference   in   temperature  between  the   air    in 
the  boiler   room  and     the   escaping   gas,    gives 
us   the  heat  wasted  up  the  chimney  for  every 
pound  of  coal  burned.     An  instrument  which 
continuously  indicates   and   records   the   CO^ 
contained   in  the   gas,    as  well  as   the   tem- 
perature  of    the  escaping   flue  gas,    is   there- 
fore essential  for  hi^er  economy. 
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A  continuous  record  of  the  temperature 
of  the  escaping  gas,  although  less  valuable 
as  a  control  of  boiler  effieienty,  is  never- 
theless of  great  importance.  The  temperature 
when  recorded  with  the  COg  simultaneously  will 
give  the  most  valuable  information  as  to  the 
condition  of  the  operation  of  a  boiler.  The 
temperature  of  the  flue  gas  is  but  slightly 
effected  by  excess  air  supplied  to  the  furnace, 
hence  cannot  be  directly  controlled  by  the  fire- 
man.  It  depends  (a)  on  the  ratio  of  the  heating 
surface  of  the  boiler  to  the  grate  area,  if  the 
boiler  has  insufficient  heating  surface  the  gases 
will  escape  at  a  high  tem^perature,  (b)  on  the  con- 
dition of  the  heating  surface,  the  stack  temper- 
ature necessarily  rises  as  the  boiler  becomes 
dirty,  and  the  temperature  record  is  very  valu- 
able in  revealing  this  condition,  (c)  on  the  rate 
of  driving,  the  harder  a  boiler  is  driven,  the 
higher  the  stack  temperature,  and  that  is  the 
principal  reason  why  economy  suffers  when  a 
.boiler  is  driven  at  an  excessive  rate,  (d)  the 
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stack  temperature  is  markedly  effected  by  ail* 
infiltration,  while  an  excess  of  air  supplied 
to  the  furnace  but  slightly,  and  that  in  an  up- 
ward direction,  the  air  which  enters  through 
pores,  cracks  and  crevices  of  the  setting  mat- 
erially reduces  the  temp era tare.   Thus  we  see 
that  the  stack  temperature  alone  may  give  very 
misleading  information,  but  in  conjunction  with 
COo  gives  valuable  information  about  the  condi- 
tion of  the  boiler  itself  as  well  as  the  boiler 
setting. 

--INFLUEKCE  AND  IMPORTANCE  OP  DRAFT. 
A  third  source  of  important  information  re- 
lates to  the  draft  conditions.  There  is  one 
factor  v^ich  affects  the  draft  to  a  greater  ex- 
tent than  all  others  and  that  is  the  per  cent  of 
CO2  in  the  flue  gas.  All  other  conditions  re- 
maining the  same  the  higher  the  per  cent  of  COg 
the  better  the  draft.   This  is  due  to  the  fact 
that  the  volume  of  a  flue  gas  varies  inversely 
with  the  per  cent  of  COg  and  the  greater  the  vol- 
ume of  a  gas  crowded  through  a  given  chimney  the 
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poorer  will  be  the  draft.  Raising  the  per  cent 
of  CO2  "to  twice  its  original  amount  more  than 
doubles  its  capacity.   There  is  then  a  definite 
relation  between  the  CO  and  the  total  avail- 
able draft  as  well  as  boiler  efficiency,  hence 
a  chimney  should  be  releived  of  its  illegiti- 
mate burden  due  to  low  CO2  before  considering 
other  means  of  augmenting  the  draft. 

The  total  effective  draft  is  what  is  ordi- 
narily measured  by  the  draft  gauges  and  if  all 
other  conditions  remained  constant  it  would  be 
an  index  to  the  volume  of  gas  passing  throu^ 
the  boiler  and,  with  a  perfect  setting,  to  the 
rate  of  combustion,  hence  the  rate  of  driving, 
and  would  be  useful  in  regulating  the  steam  pro- 
duction. 

But  since  the  conditions,  especially  those 
of  the  furnace,  upon  which  the  effective  draft 
necessary  to  maintain  a  definite  rate  of  driving 
depends,  vary  continually,  it  is  evident  that  the 
effective  draft  must  also  vary,  and  cannot  be  a 
true  index  to  the  rate  of  combustion. 
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A  draft  gauge  applied  to  the  furnace  shows 
the  resistance  through  the  ash  pit  door,  the 
grate,  the  ashpit  and  the  fire.  With  a  given 
effective  draft,  if  the  ashpit  doors  are  part- 
ially closed  the  furnace  draft  is  increased,  but 
the  rate  of  combustion  is  decreased.  The  same 
effect  is  produced  by  produced  by  the  accumula- 
tion of  ashes,  the  formation  of  clinker,  and  the 
coking  of  coal.  The  furnace  draft  is  thus  in- 
creased by  at  least  four  distinct  causes,  all  of 
which  tend  to  check  the  rate  of  combustion.  On 
the  other  hand,  if  the  fire  is  sliced,  the  fur- 
nace draft  is  decreased  and  the  combustion  is  in- 
creased, and  still  more  is  this  the  case  when  the 
fire  has  been  cleaned.   It  is  clear,  then  that 
the  readings  of  a  draft  gauge  in  the  furnace  can- 
not be  relied  upon  as  an  index  to  the  rate  of 
driving,  much  less  to  economical  operation. 

A  draft  gauge  connected  to  the  space  above 
the  fuel  bed,  however  gives  useful  information 
as  to  the  condition  of  the  fire  to  a  fireman  who 
imderstands  the  significance  of  its  indications. 
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Thus,  after  cleaning  a  fire,  if  the  pressure 
drop  from  ashpit  to  fuel  bed  to  too  small  the 
fireman  may  be  sure  that  there  are  holes  in 
the  fire,  or  that  it  is  too  thin;  or,  if  the 
pressure  drop  is  too  great,  it  is  probable 
that  the  fire  is  too  thick,  A  gradual  in- 
crease of  drop  through  the  fuel  bed,  after 
the  fire  has  burned  for  some  time,  is  an  in- 
dication of  the  accumulation  of  clinker  next 
to  the  grate.  Of  course,  a  drop  through  the 
fuel  bed,  is  adjudged  high  or  low  only  after 
considering  it  in  connection  with  the  total 
drop  through  the  whole  apparatus,   it  may  hap- 
pen, in  the  same  apparatus,  with  the  same  coal 
from  the  same  bin,  and  ^vith  the  same  total  pres- 
sure drop,  that  much  less  coal  is  burned  and  a 
smaller  amount  of  steam  produced  on  one  day  than 
on  another,  although  the  pressure  drop  through 
the  fuel  bed  is  higher  on  the  day  of  smaller 
steam  production.   The  explanation  may  be  drawn 
out  as  follows:  When  coal  is  taken  out  of  the 
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side  and  "bottom  of  a  bin,  the  large  pieces  tend 
to  flow  out  first,  leaving  the  smaller  pieces 
and  dust  in  the  far  corners,  which  stay  there  to 
the  last,  until  all  the  coarser  coal  has  been 
consumed*  When  burning  the  finer  coal,  the  re- 
sistance to  the  passage  of  air  through  the  fuel 
bed  is  greater,  and  this  greater  resistance 
causes  a  higher  pressure  drop- -that  is,  a  high- 
er "draft"  above  the  fire;  simultaneously  the 
smaller  air  supply  results  in  a  lower  rate  of 
combustion  and  a  smaller  steam  production. 
--KELATIOE  OF  DRAFT  TO  COg— 
From  the  foregoing  somewhat  detailed  an- 
alysis of  draft  and  its  relation  to  combustion 
it  would  appear,  1st.,  that  the  total  available 
draft,  ie.,  the  chimney  draft,  is  affected  fa- 
vorably by  wasteful  boiler  operation  due  to  low 
per  cent  of  CO  in  the  flue  gas,  but  that  a 
knowledge  of  the  chimney  draft  and  temperature 
are  of  no  great  value  as  a  check  on  economical 
operation  of  a  boiler  plant;  8n4«  that  the  ef- 
fective draft  upon  which  depends  the  rate  of 
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combustion  is  itself  dependent  on  the  variable 
conditions  of  the  furnace,  that  it  cannot  he 
relied  on  as  a  guide  hy  which  to  regulate  com- 
bustion; 3rd. ,  that  fuimace  draft  due  to  ever 
changing  conditions  must  necessarily  vary  if  a 
definite  rate  of  combustion  is  to  be  maintained, 
and  is  therefore  useless  as  a  guide,  but  is  of 
greatest  value  as  an  index  to  the  condition  of 
the  furnace,  provided  we  have  a  true  index  to 
the  rate  of  combustion,   fortunately,  such  an 
index  can  be  made  available. 

Boiler  draft,  as  already  stated,  is  the  re- 
sistance offered  to  the  products  of  combustion 
passing  through  the  boiler,  which  is  measured  by 
the  difference  between  the  furnace  draft  and  the 
effective  draft.  In  any  given  setting  the  boil- 
er draft  depends  on  only  two  factors,  viz.,  the 
rate  of  combustion  and  the  per  cent  of  CO2  in  the 
flue  gas.  For  a  given  per  cent  of  COg  the  high- 
er the  boiler  draft  the  greater  the  rate  of  com- 
bustion. And  for  any  given  rate  of  combustion 
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the  higher  the  per  cent  of  GOg  in  the  flue  gas, 
the  boiler  draft  "becomes  a  true  index  to  the  rate 
of  comhustion.   This  is  most  important,  since 
such  an  index  shows  whether  each  fireman  is  doing 
his  proper  share  of  the  work,  and  whether  every 
"boiler  is  "being  driven  to  its  proper  capacity. 
The  stesm  flow  meter  is  also  a  useful  indicator 
for  this  purpose. 

To  get  the  proper  solution  of  the  problem 
of  attaining  and  maintaining  maximum  boiler  ef- 
ficiency, it  must  be  realized  that  combustion 
is  a  chemical  phenomena,  which  can  be  diagnosed 
and  controlled  only  by  chemical  means.  And  it 
is  for  this  reason  that  a  COg  meter,  pyrometer 
and  draft  gauges  are  indispensible  if  maximum 
efficiency  is  to  be  attained  and  maintained. 
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PART  III.-  — THE  PLAET. 

13. Boilers  and  Stokers. 
14. Boiler  Control  Board. 


(48) 


THE  BOILERS  AITD  STOKERS. 

The  iDoiler  on  whicti  the  instruments  were 
Installed  is  one  of  three  Sterling  toilers  in 
the  plant  of  the  Armour  Institute  of  Techno- 
logy.  It  is  designated  as  "boiler  HO.l.,  Fig. 
(S).  Boilers  Hos*  2  and  3.  are  located  to  the 
south  of  So.l.  and  are  separated  "by  a  heavy 
wall.  Boiler  Ho.l.  is  the  newest  of  the  set  of 
three,  having  "been  installed  in  1902  and  is  the 
only  one  used  except  in  cases  of  excessive  de- 
mand for  steam  or  shutdown. 

Boiler  Ho«l.  is  rated  at  350  horsepower 
and  is  used  to  supply  steam  for  heat  and  power 
to  the  Institute  and  surrounding  flat  buildings. 
A  cross  section  through  the  boiler  is  shown  in 
Fig. (4).  From  Fig. (4)  it  may  be  seen  that  the 
baffling  is  of  the  standard  type.   The  location 
of  pyrometer  and  sampling  tubes  is  also  shown. 

The  stokers  are  of  the  chain  grate  type 
having  an  active  grate  surface  of  90  square  feet, 
and  were  built  by  the  Green  Engineering  Company. 
The  draft  is  produced  by  a  brick  chimney  175  ft. 
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high,  having  an  internal  diameter  of  7  ft.   In 
addition,  a  small  forced  draft  fan  is  placed  in 
the  ashpit. 

--THE  BOILEE  COHTEOL  BOAKD.— 

This  hoard  was  designed  to  facilitate  the 
grouping  of  all  the  instrnmenta  to  the  hoiler 
and  located  so  as  to  he  in  direct  view  of  the 
fireman.   The  location  of  the  board  is  as  shown 
in  Fig. (3).  being  placed  on  the  north  wall  of 
the  coal  bunker  for  boilers  Eos.  2  and  3. 

The  board  and  equipment  can  best  be  ex- 
plained by  reference  to  Fig. (5).   The  frame  is 
made  of  2  inch  by  3  inch  angle  iron  with  miter- 
ed  comers  and  5  ft. 9  inches  by  3  ft.  in  size. 
Cast  iron  brackets  are  provided  to  keep  the  frame 
about  10  inches  from  the  wall  to  allow  for  piping 
etc.,  to  the  instruments.  The  frame  is  provided 
with  three  wooden  panels  and  grooved  so  as  to  be 
flush  with  the  front  eege  of  the  angle  iron.   The 
panels  areeasily  removed. 

The  center  panel  contains  only  the  steam  flow 
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meter  afid  is  indicating  only.   This  meter  shows 
the  amount  of  steam  delivered  at  any  time  hy  the 
boiler.  On  the  left  panel  near  the  top  is  a 
steam  gauge  and  on  the  right  panel  and  in  line 
with  the  other  two  instruments  is  the  clock.   Be- 
low the  clock  on  the  right  hand  panel  are  the 
draft  gauges.   The  upper  geuge  measures  the  draft 
"between  the  ashpit  and  fire  and  between  the  fire 
and  damper  while  the  lower  gauge  measures  the  to- 
tal draft  between  the  ashpit  and  damper.   To  the 
right  of  the  clock  is  located  a  mercury  column 
gauge  to  indicate  the  difference  in  head  between 
the  throat  and  upstream  of  the  venturi  tube.   This 
indicates  the  amount  of  water  being  fed  to  the 
boiler.  To  the  left  of  the  steam  gauge  on  the  left 
hand  panel  is  located  the  COg  indicator  which  con- 
tinuously indicates  the  amount  of  COg  in  the  flue 
gases.  At  the  bottom  of  the  panel  is  a  millivolt- 
imeter  which  gives  the  temperature  of  the  gases  an 
leaving  the  boiler.  Between  the  steam  gauge  and 
millivoltmeter  is  located  a  small  electrical  count- 
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er  which  is  calihrated  to  give  a  record  of  the 
coal  consmned.   Thus  it  is  seen  that  the  equip- 
ment is  complete  in  everj"  detail  to  efficiently 
control  the  comhustion. 


(55) 


PART    IV.---DK3CEIPTI01I   OF  APPARATUS. 

15.Uehllng  COg  Meter  and  Pyrometer 
16. General  Electric   Steam  Flow  Meter 
17.Venturi  Water  Meter 
18. The  Draft  Gauges. 
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---THE  UEHLIIKJ   CO2  MCHIBE  AlID  TEMPERATURE 

RECORDER- - 

The  principles  upon  which  the  Uehling  COg 
Machine  are  "based  may  he  hest  explained  by  re- 
ference to  Fig. (6.).   If  two  apertures,  A  and  B, 
form  respectively  the  inlet  and  outlet  openings 
of  chamber  C,  and  a  uniform  suction  is  maintain- 
ed in  the  chamber  C'by  aspirator  D,  the  action 
will  be  as  follows: 

Gas  will  be  drawn  through  B  into  the  chamber 
C,  creating  suction  in  chamber  C,  which  in  turn 
causes  gas  to  flow  through  A.   The  velocity  wL  th 
which  the  gas  enters  through  A  depends  upon  the 
suction  in  C,  and  the  velocity  at  which  it  flows 
out  through  B,  depends  upon  the  excess  of  suction 
in  C  ,  over  that  existing  in  C,  that  is,  the  ef- 
fective suction  in  CI  As  the  suction  in  C  in- 
creases, the  effective  suction  must  decrease,  and 
hence  the  velocity  of  gas  entering  at  A  increases, 
while  the  velocity  of  gas  passing  out  through  B 
decreases,  until  the  same  quantity  of  gas  enters 
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at  A,  as  passes  out  through  B.  As  soon  as  this 
occurs  no  further  change  of  suction  takes  place 
in  the  chamber  C,  providing  the  gas  entering  A, 
and  passing  out  at  ti,  "be  maintained  at  the  same 
temperature. 

If  from  the  constant  stream  of  gas,  v;hile 
flowing  through  C,  one  of  its  constituents  is 
continuously  removed  "by  absorption,  a  reduction 
of  volume  will  take  place  in  chamber  C  and  cause 
an  increase  in  suction,  and  consequently  a  de- 
crease in  the  effective  suction  in  C .   Hence  the 
velocity  of  the  gas  through  A  will  increase,  and 
the  velocity  through  B  will  decrease,  until  the 
same  quantity  enters  A.  As  ia  absorbed  by  the 
reagent  plus  that  which  passes  out  at  B. 

Thus  every  change  in  volume  of  the  consti- 
tuents absorbed  from  the  gas,  causes  a  corre- 
sponding suction  in  chamber  C.   The  increase  of 
vacuum  in  chamber  C,  as  shown  by  the  manometer  p, 
is  a  correct  measure  of  the  volume  of  gas  absorb- 
ed, and  in  the  Uehling  COg  Machine,  is  utilzed  to 
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indicate  and  record  the  per  cent  of  COg. 

The  practical  form  of  the  instrument  which 
emhodies  the  principle  described,  may  be  explain- 
ed by  reference  to  Fig.(7)  and  (8)  in  which  the 
letters  and  numbers  correspond.   The  instrument 
is  in  reality  an  open  pipe  line  in  which  pres- 
sures (below  atmospheric)  are  measured  at  differ- 
ent points.   The  line  has  been  given  its  present 
shape  for  the  sake  of  compactness.  If  suction 
. iscreated  by  any  means  at  C ' ,  Fig.  (7) ,  gas  will 
tend  to  flow  through  the  line,  entering  at  filter 
D.  At  manometer  M  the  pressure  on  the  line  is 
measured.   The  gas  passes  through  valve  J,  and  the 
pressure  is  measured  again  at  S.   Here  it  meets 
an  anxilliary  suction,  C,  and  tends  to  divide,  the 
division  depending  on  the  relative  suctions. 

Thence  the  gas  passes  through  valve  2,  through 
the  small  cotton  filter  F,  through  the  steam  pot  X 
where  it  is  heated  to  a  constant  temperature  and  then 
meets  a  high  resistance  in  the  form  of  the  orifice 
A.   The  gas  next  passes  through  the  caustic  H,  after 
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which  the  pressure  in  the  line  is  again  measured, 
this  time  by  L,  G,  and  P.,  L,  G,  and  P,  heing  the 
water  scale  at  the  front  of  the  instrument,  the 
boiler-room  indicator,  and  the  chart  recording 
gauge,  each  measures  pressure.   The  gas  now  pass- 
es through  another  small  cotton  filter  i",  again 
through  the  steam  pot  X,  where  it  assiimes  again 
its  original  constant  temperature,  then  meets  an- 
other high  resistance  at  orifice  B.   Finally  it 
passes  through  valve  4  out  through  the  suction. 
The  gas  must  be  brought  to  the  instrument 
under  a  constant  tension  and  must  te  drawn  through 
the  apertures  by  a  continuous  and  uniform  suction. 
This  is  fulfilled  by  the  Regulator  H,  i^ig.(8). 
This  consists  of  a  cylinder  xi,    8  inches  in  diameter 
and  5  feet  high,  filled  with  water  as  shown,  into 
which  project  2  long  tubes  aa'  and  cc'  and  a  short 
tube  bb' .   The  tube  aa'  is  open  to  the  atmosphere 
at  a  and  extends  within  a  few  inches  of  the  bottom 
of  the  cylinder.   The  end  of  the  short  tube  bb'  is 
exactly  48  inches  above  the  lower  end  of  aa' .   The 
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lower  end  of  cc'  is  just  6  inohes  above  the 
lower  end  aa' .   The  cylinder  H  is  filled  with 
water  so  that  the  tube  bh'  is  submerged  several 
inches. 

The  method  of  obtaining  the  suction  C  and 
C"  ctn  be  seen  from  Fig. (8).   If  valves  8  (to 
let  in  air),  J,£,  4  are  open  and  valve  5  is 
slowly  opened,  a  suction  is  produced,  and  at- 
mospheric pressure  on  the  water  in  H  is  lower- 
ed. As  the  suction  becomes  great  enough,  air 
flows  in  through  the  center  tube  a  and  relieves 
the  suction.  At  the  same  time  air  flows  in 
through  the  line,  owing  to  the  suctions  C  and 
C".   The  pressure  of  the  suction  is  registered 
by  tube  v.  Uow  if  manometer  S  is  held  constant 
by  valve  5,  a  certain  flow  of  gas  is  induced 
through  the  recording  line;  and  the  gas  is  kept 
at  a  constant  temperature  by  being  heated  at  two 
points  just  before  it  passes  through  its  highest 
resistance.  L,  Q,   and  P  will  be  registering  a 
pressure  varying  between  C  and  C" ,  depending  on 
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the  resistance  on  either  side.   If,  for  any 
reason,  h   shows  a  higher  level  at  one  time  than 
another,  the  indication  is  that  the  pressure  is 
nearer  to  C ,  that  is,  that  the  resistance  at  A 
or  F  or  H  has  increased;  if  L  shows  a  lower  level 
at  one  time  than  at  another,  the  resistance  F'  or 
B  has  increased.   If  gas  containing  COg  now  flows 
thzDugh  the  line  it  will  give  up  part  of  its  vol- 
ume at  H.   This  condition  could  be  considered  as 
the  resistance  "between  L  and  C"  "being  decreased, 
is  that  the  level  of  the  liquid  at  L  will  be  high- 
er. And  so  it  is  necessary  only  to  mark  on  a  scale 
at  L,  G,  Or  P  the  level  of  the  liquid  for  a  gas  of 
a  known, COg  content. 

The  condition  that  the  gases  must  be  at  a  con- 
stant temperature  while  passing  through  the  cali- 
brated apertures,  is  brought  about  by  placing  both 
apertures  A  and  B  in  a  chamber  X  which  is  kept  at 
a  uniform  temperature  of  212°F.  by  the  exhaust 
steam  of  the  aspirator  R,  which  is  permitted  to  es- 
cape at  atmospheric  pressure  through  the  pipe  WW. 

In  order  to  keep  the  apertures  perfectly  clean, 
a  large  filter  is  placed  at  the  source  of  the  gas 
supply,  together  with  secondary  cotton  filters  D 
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and  the  small  filters  F  and  F'  "before  eacli  aper-. 
ture  by  whicti  the  gas  is  perfectly  cleaned  and 
the  apertures  protected  from  teing  fouled. 

Leakage  is  guarded  against  by  making  all 
connections  of  drawn  copper  tubing,  connected 
by  knife-edge  joints  an^^^  carefully  tested*  Cham- 
ber C  is  composed  of  the  pipe  t,  absorption 
chamber  H,  the  pipe  e,  filter  F'  end  pipes  h, 
i,  connected  to  filter  F' .   Branch  i  is  connect- 
ed to  the  manometer  tube  jj,  and  the  recording 
gauge  P  and  indicating  gauge  Q   are  brought  into 
comiiiunication  with  chamber  C  through  the  pipes 
h.   The  manometer  tube  jj  and  indicator  G  and 
recording  gauge  P  are  so  calibrated  that  the 
suction  between  aperture  A  and  B,  chamber  C,  can 
be  read  off  in  per  cent  COg  contained  in  the  gas. 

The  COg  to  be  measured  must  be  completely 
absorbed  after  the  gas  passes  through  A  and  be- 
fore  it  passes  through  B.   For  this  purpose, 
the  absorption  tube  ii  is  provided  in  which  are 
placed  cartons  of  natron,  for  dry  absorption. 
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The  Pyrometer  operateson  the  same  princi- 
ple Es  the  COg  Maohine.   In  the  latter  the  vol- 
ume of  gas  entering  through  aperture  A  is  re- 
ducing by  absorbing  a  portion  (the  COg)  of  gas 
before  passing  through  aperture  B,  the  gas  pass- 
ing through  both  apertures  at  the  same  temper- 
ature, whereas  in  the  pyrometer  the  gas  (air) 
passes  through  aperture  A  at  the  temperature  to 
be  measured  and  through  B  at  a  constant  temper- 
ature (2120)  and  the  column  qq  responds  to  the 
change  in  temperature  at  which  the  air  enters 
aperture  A. 

To  insure  that  the  air  enters  aperture  A 
at  the  temperature  to  be  measured  A  is  located 
at  the  end  102  of  a  small  tube,  101,  which  is 
placed  in  a  larger  tube,  100,  Fig.  (9J  which 
protrudes  into  the  stack  or  chamber,  the  temp- 
erature of  which  is  to  be  measured.   Tube  100 
is  closed  at  one  end  but  is  in  communication 
with  the  atmosphere  through  filter  98  at  the 
other  end.   The  small  tube  reaches  to  near 
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the  closed  end  of  tute  100  and  is  directly  con- 
nected with  filter  F  on  the  main  instrnment  ty 
3/8  inch  copper  tuhe  124.   The  combination  of 
tube  100  with  inner  tube  105  is  called  the  fire 
tube. 

It  is  necessary  that  the  hot  flue  gases  be 
cooled  and  for  this  purpose  a  condenser  is  pro- 
vided as  shown  in  i"ig.(10).   The  condenser  is 
made  of  wrought  iron  pipe  and  functions  as  foll- 
ows:  The  water  enters  through  pipe  76,  passes 
through  81,  at  the  top  of  which  it  overflows 
through  pipe  83,  vrhence  if  fills  the  bottom 
seal  86,  leaving  finally  through  pipe  134.   The 
gas  passes  through  56A  to  82  and  out  through  56 
which  is  the  gas  line  to  the  instruments. 
--THE  STEAM  FLOW  METER— 
The  iffeneral  Electric  Steam  ilow  Meter  may 
be  explained  by  reference  to  Fig. (11).   Its  op- 
eration depends  upon  the  displacement  of  a  col- 
umn of  mercury  by  the  differential  pressure  ac- 
tion of  a  modified  Pitot  tube.   B  is  the  stat- 
ic opening  and  A,  the  dynamic  opening.   These 
two  openings  are  interconnected  by  means  of  a 
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U-tube  M  partly  filled  with  inercu3-y.  When  there 
is  no  flow  of  steam  the  mercury  coliunns  will  "be 
at  the  same  level  and  the  upper  portions  of  the 
tul3e  will  he  filled  with  condensed  steam.  As 
soon  as  the  steam  hegins  to  flow,  the  mercury 
column  will  he  depressed  as  shown  and  the  diff- 
erence fi  will  he  a  measure  of  the  velocity  of 
flow  at  a  point  in  the  pipe  where  the  dynamic 
tuhe  A  is  placed.   The  velocity  of  flow  can  "be 
expressed  by  the  equation: 


V-  K  /    dm 


where , 

dcjs  density  of  steam  in  main  pipe. 

dm=  density  of  mercury  in  Ihs.per  cu.ft. 

V  -  max.  velocity  of  flow,  ft.  per  sec. 

K  s   coefficient  determined  by  experiment. 

H  s  difference  in  height  of  mercury  levels. 
To  reduce  the  number  of  holes  to  be  made  in 
the  main  steam  pipe,  the  dynamic  and  static  open- 
ings are  combined  into  one  nozzle  plug.   This  plug 
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is  illustrated  in  Fig.  (12).  The  plug  is  screw- 
ed into  the  main  steam  pipe  vrith  the  arrow  on 
the  face  of  the  plug  pointing  in  the  direction 
of  ste&m  flow.   The  dynamic  openings  ere   desig- 
nated hy  the  letter  "L"  or"Leading  Set"  and  the 
static  openings  by  the  letter  "T"  or  "Trailing 
Set".  In  case  the  velocity  of  the  steam  is  too 
low  to  "be  accurately  measured  with  a  normal  ve- 
locity plug,  a  pipe  reducer  consists  of  a  metal 
cylinder  with  a  rounded  approach  inserted  "between 
tern,  and  held  in  place  b^-  the  two  flanges  of  a 
pipe.   The  reducer  nozzle  plug  is  screv7ed  in  the 
pipe  and  projects  through  a  hole  in  the  pipe  re- 
ducer itself.   It  extends  across  the  throat  of 
the  reducer  as  shown  in  Fig. (12).   The  nozzle 
plugs  used  with  pipe  reducers  differ  in  minor 
respects  from  the  normal  velocity  nozzle  plugs. 

To  he  of  practical  value  and  to  overcome 
difficulties  which  arise  in  the  use  of  this  prin- 
ciple the  meter  has  its  parts  arranged  as  shown 
in  Fig. (12).   The  steam  on  leaving  the  nozzle 
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plug  passes  into  the  reservoirs  from  their  re- 
spective openings.  Valves  are  provided  et  a 
point  just  tefore  entering  the  reservoirs.  From 
the  reservoirs  pipes  lead  to  a  place  vhere  the 
meter  can  "be  conveniently  located.   Blow  off 
valves  2   and  3  are  provided  for  removing  air 
from  the  system.  Meter  valves  4  and  5  are  pro- 
vided at  entrance  to  the  U-tuhe  and  a  cross  over 
valve  X  is  provided  to  typass  the  U-tuhe  v:hen 
valves  4  and  5  are  open. 

The  commercial  form  of  the  instrument  is 
shown  in  i'ig.(14).  All  connections  are  the  same 
as  shown  in  Fig.(13l.   The  body  of  the  meter  is 
of  cast  iron.  Fig. (15)  shows  an  interior  view 
of  the  meter  body  with  the  internal  mechanism 
in  place.   The  internal  mechanism  is  shov;n  re- 
moved from  the  meter  in  Fig.  (16). 

The  base  of  the  meter  is  about  half  fill- 
ed with  mercury,  which  supports  the  iron  float 
in  the  tube.   The  meter  pipes  above  the  surface 
of  the  mercury  are  filled  with  condensed  steam. 
The  pressure  differential,  due  to  the  flow  of 
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the  stream  "being  metered  displeoes  the  mercury- 
find  thereby  the  internal  float  mechanism  which 
conetitues  the  prime  moving  element  of  the  me- 
ter. The  pressure  difference  is  conveyed  from 
the  nozzle  plug  to  the  meter  "by  means  of  the 
pipes  L  end  T. 

Jor  a  given  rate  of  flow,  the  mercury  end 
the  float  will  he  deflected  a  definite  distance 
up  the  tube.   The  float  is  geared  hy  rack  and 
pinion  to  a  cross  shaft  which  carries  a  perma- 
nent U  shaped  magnet  as  shown.  The  magnet  poles 
face  toward  the  copper  cap  bolted  over  the  open- 
ing in  the  meter  tody.   The  external  mechanism 
of  the  meter  has  a  shaft  in  axial  alignment  with 
the  inner  shaft  and  carrying  a  similar  magnet. 
Magnetism  is  used  to  transmit  the  motion  from 
the  interior  to  the  eiterior  of  the  meter  body 
doing  away  with  a  stuffing  box  and  the  result- 
ant variable  friction. 

The  indicating  scale  figures  are  based  on 
a  given  combination  of  pipe  diameter,  quality 
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end  pressure.   The  conditions  for  which  the  me- 
ter is  calibrated  is  found  on  the  name  plate. 
The  name  plate  set  on  the  psrticulsr  meter  to 
"be   used  here  is  shown  in  Fig.  (17).   In  addition 
to  the  serial  number,  type,  etfi. ,  the  name  plate 
gives  the  pipe  diameter,  pressure,  the  kind  and 
quality  of  the  fluid  for  which  the  indicating 
scale  is  calibrated.   It  shows  in  what  units  the 
meter  Is  calibrated  and  also  gives  the  multiply- 
ing constant  to  be  applied  to  all  readings  of 
the  indicating  scale.   The  pressure  stamped  on 
the  name  plate  means  the  ectual  steam  pressure 
in  the  main  at  the  nozzle  plug,  as  indicated  by 
the  gauge  when  the  barometric  pressure  is  29.921 
in.  of  mercury.   If  the  steam  pressure  is  appre- 
ciably higher  than  the  calibration  pressure  the 
instrument  will  read  low  and  vice  versa. 

For  steam  of  constant  density  the  opening 
through  which  it  flows  may  be  made  constant  and 
the  variation  in  velocity  will  be  an  indication 
of  the  rate  of  discharge.   The  density  of  the 
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steam  is  seldom  constant  and  this  is  the  chief 
defect  in  this  particular  instnunent  which  de- 
pends on  a  variation  in  velocity  for  Its  opera- 
tion.  The  density  of  the  steam  is  a  function 
of  the  pressure  and  quality  and  any  variation 
in  either  affects  the  v.eight  of  discharge. 
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—THE  YEUTURI  WATEE  METKR-- 
When  water  flows  through  a  pipe  contain- 
ing a  contraction  like  Fig. (18),  the  pressure 
at  the  throat  B  is  less  than  at  the  inlet  A, 
due  to  the  increased  velocity  at  B.   In  a  pro- 
perly proportioned  pipe  this  loss  of  pressure 
is  almost  entirely  regained  at  the  outlet  C, 
this  In  turn  being  due  to  the  decrease  of  ve- 
locity after  the  water  passes  the  thoat.  These 
facts  may  be  easily  proved  by  inserting  pres- 
sure gauges  at  A,  B  and  C.  Without  increasing 
the  working  pressure,  therefore,  practically 
the  same  amount  of  water  will  be  delivered 
through  such  a  tube  as  through  an  equal  length 
of  straight  pipe  of  the  same  inlet  and  outlet 
diameter* 

The  temporary  loss  of  pressure  at  B  can 
be  accurately  measured  by  a  U-tube  containing 
mercury,  and  it  is  found  to  increase  approx- 
imately as  the  square  of  the  throat  velocity, — 
that  is  to  say,  if  the  velocity  of  the  water 
at  B  "doubles  up",  the  difference  of  mercury 
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levels  tecomes  atout  four  times  as  great.   The 
size  of  a  Venturi  Meter  is  expressed  ty  the  dia- 
meter in  inches  of  the  inlet  end  of  the  Meter  Tube. 

The  indicating  of  the  flow  of  water  is  a 
very  simple  affair,  but  the  recording  of  the  flow 
is  more  difficult  end  leads  to  a  complicated 
piece  of  mechanism.   Fig. (19)  shows  the  internal 
mechanism  of  the  Type  M  Recorder  as  used  in  this 
installation* 

At  the  back  of  the  register  are  two  large, 
vertical  wells  connected  at  the  bottom  by  a  small 
pipe.   One  well  is  subjected  to  the  inlet  end  the 
other  to  the  throat,  pressure  from  the  meter  tube, 
these  pressures  being  transmitted  to  the  meter 
tube  by  two  small  pipes.   In  each  well  is  a  heavy 
float  resting  o$  mercury,  a  part  of  which  flows 
from  one  well  to  the  other  in  direct  proportion 
to  the  difference  in  the  two  pressures.   Conse- 
quently one  float  rises  as  the  other  descends 
and  this  movement  is  transferred  through  rack 
and  spur  gearing  to  the  indicator  dial  hand  shaft. 
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A  cain  on  this  shaft  controls  the  position  of 
the  pen  on  the  chart ,  also  the  amount  of  move- 
ment of  the  counter  dial  hands.  BronEe,  alu- 
minum and  other  non-corrosive  metals  enter  into 
the  construction  of  the  interior  parts.   The 
instrument  case  is  of  cast  iron. 

The  indicator  dial  is  of  trass,  silver 
plated,  about  11  inches  in  diameter  and  shows 
the  exact  rate  of  flow  at  the  moment  of  obser- 
vation.  It  is  graduated  in  pounds  per  hour. 

The  counter  dial  shows  the  total  pounds 
that  have  passed  through  the  meter  tube.   When 
flaw  occurs  through  the  meter  tube,  a  movement 
of  the  lower  dial  hand  is  readily  perceptible. 
Inside  the  graduations  of  the  large  dial  are 
four  smaller  dials,  which  show  the  registra- 
tion for  long  periods.   The  dial  hands  all  re- 
volve in  a  clockwise  direction,  making  the 
counters  easy  to  read. 

The  chart  recorder  dial  contains  a  large 
24  hour  chart  haveing  a  continuous  autographic 
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record  of  the  rate  of  flow  througii  the  meter 
tube.   The  ordinary  polar  planimeter  is  not 
adapted  for  integuating  circular  charts,  and 
a  special  form  is  used.   The  planimeter  de- 
termines the  total  quantity  of  water  dischar- 
ged through  the  Venturi  Meter  for  24  hours  or 
during  any  fraction  of  that  time. 

The  indicating  of  the  flaw  is  much  more 
simple  and  requires  only  a  manometer  as  shown 
in  Fig. (20).   This  instrument  shows  the  exact 
r&te  of  flow  through  the  Venturi  Meter  Tube  at 
the  moment  of  observation.   It  is  "based  on  the 
principle  of  the  barometer.   It  contains  a  well 
filled  with  mercury  into  which  dips  a  glass  tube. 
The  higher  pressure  from  the  inlet  of  the  meter 
tube  is  conducted  to  the  top  of  this  mercury 
surface  and  the  lower  pressure  from  the  throat 
to  the  interior  of  the  glass  tube.  The  differ- 
ence in  these  two  pressures  is  indicated  by  a 
single  column  of  mercury  within  the  glass  tube. 
The  rate  of  flow  can  be  accurately  obecrved  on 
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the  metal  scale  opposite  the  top  end  of  the 
mercury  column* 

—THE  DEAFT  GAUGES— 

The  simple  draft  gauge  indicates  the  diff- 
erence in  pressure  between  the  point  to  which 
it  is  connected  and  the  atmosphere.  A  differ- 
ential draft  gauge  indicates  the  difference  in 
pressure  "between  two  points  in  the  gas  passages. 

Ordinary  draft  gauges  are  modified  forms 
of  U-tuhe.  As  the  pressures  are  very  small, 
water  or  oil  is  used  as  the  liquid  in  the  tuhe. 
Oil  has  a  greater  uniformity  of  capillary  at- 
traction and  minimum  evaporation.  The  gauges 
are  calihrated  for  a  given  oil  which  is  usual- 
ly colored.  lor  greater  accuracy  in  reading 
the  pressure,  one  leg  of  the  tuhe  is  inclined. 

The  Blonck  Efficiency  Meter,  Fig. (22), 
consists  essentially  of  two  sensitive  differ- 
ential draft  gauges,  one  connected  "between  the 
ashpit  and  the  furnace  and  the  other  connected 
"between  the  furnace  and  the  "breeching  on  the 
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boiler  side  of  the  damper.   The  lower  gauge 
filled  with  red  oil  shows  the  drop  in  draft 
through  the  fire  or  the  resistance  of  the 
fuel  bed;  the  upper  gauge  filled  with  blue 
oil  registers  the  drop  in  draft  between  the 
furnace  and  the  dernper  or  the  resistance 
through  the  boiler. 

Two  sliding  indicators  are  arranged  so 
that  they  can  be  set  at  the  point  of  perfect 
firing.   These  indicators  are  marked  with 
legends  showing  underload  and  eir(-+-^  a't 
one  side  of  the  arrow,  overload  and  air( — ) 
at  the  other.   The  meter  4s  enclosed  in  a 
heavy  cast  iron  with  a  plate  glass  front.  A 
level  glass  is  also  provided  for  leveling 
the  meter. 

The  interpretation  of  the  readings  which 
are  obtained  from  the  meter  are  explained  by 
reference  to  Fig. (83).   The  arrow  marks  re- 
present the  marks  on  the  sliding  scale.   IiJo.l. 
shows  the  position  of  the  liquids  in  the  tubes 
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under  normal  operation.  ™lien  too  miioh  air  is 
supplied  the  fluids  will  take  a  portion  shown 
in  iio.S.  An  increase  of  air  causes  increased 
resistance  through  the  tubes  and  a  higher  read- 
ing. A  thin  fuel  "bed  or  holes  reduce  the  re- 
sistance and  cause  a  lower  reading.   Too  little 
air  will  cause  the  fluids  to  take  a  position 
as  in  130.3.   By  similar  analogy  the  fuel  bed  is 
too  thick  or  choked  by  slag.   An  overload  re- 
quires more  gases  to  go  through  the  tubes  vith 
consequent  higher  fuel  bed  resistance  and  high- 
er differential  gauge  readings  as  in  IiO.4.  An 
underload  r-ill  have  the  reverse  effect  on  the 
gauges  and  show  up  as  in  Ho. 5. 

It  is  also  desirable  to  know  the  total  or 
effective  draft  and  for  this  purpose  the  Elli- 
son differential  draft  gauge  is  used,  Fig.(2l). 
The  gauge  consists  of  one  sensitive  inclined 
tube  connected  between  the  ashpit  and  the  breech- 
ing on  the  boiler  side  of  the  damper.   The  gauge 
is  filled  with  red  oil  and  shows  the  total  avail- 
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able  draft.   A  calibrated  scale  is  provided 
alongside  the  tube  to  accurately  indicate  the 
draft  in  inches  of  Vi^ater.   The  tube  is  placed 
in  an  aluminum  shell  provided  with  a  level 
glass  to  keep  the  tube  at  the  proper  inclina- 
tion.  The  Ellison  draft  gauge  is  cross  con- 
nected with  the  ashpit  and  damper  sides  of  the 
Blonck  lieter. 

—THE  MILLIVOLTMETER  PYHOIIETER-- 
As  thermo-electric  pyrometer  consists  of 
a  thermo-couple,  a  measuring  device,  an-^.  wires 
connecting  the  thermo-couple  and  the  measuring 
device. 

If  two  pieces  of  wire  of  different  material, 
for  instance,  one  rire  of  copprr  and  one  of  iron, 
are  Joined  at  one  end,  and  heated,  a  small  cur- 
rent of  electricity  is  generated.   This  is  known 
as  thermo-electricity  and  the  v.'ires  comprise  a 
thermo-couple.   The  current  generated  is  small. 
Wires  of  base  metal,  such  as  iron  and  nickel  cop- 
per generate  about  50  M.V.  or  fifty  thousandths 
of  a  volt  at  2000  deg.  fahr. 
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It  is  one  of  the  properties  of  a  thermo- 
couple that  the  voltage  which  it  generates  is 
dependent  on  the  differBHce  in  the  temperature 
of  the  hot  junction,  that  is  the  one  placed  in 
the  "breeching  and  the  cold  junction,  which  is 
the  point  at  which  the  alloy  wires  of  the  ther- 
mo-couple join  the  copper  leads  of  the  instru- 
ment.  It  is  therefore  particularly  important 
that  the  cold  junction  "be  maintained  at  a  con- 
stant temperature,  for  if  a  hase  metal  thermo- 
couple is  in  use  and  its  cold  junction  increases 
in  temperature  ten  degrees,  the  decreased  volt- 
age generated  by  the  thermo-couple  will  cause 
the  instrument  to  read  ten  degrees  lower-   If 
the  cold  junction  decreases,  thepyrometer  will 
read  higher  to  the  same  extent. 

The  thermo-couple  used  in  this  installa- 
tion is  of  "base  metal  and  is  enclosed  in  a  high 
grade  wrought  iron  fire  tube.   The  cold  junction 
is  "brought  to  a  plug  head  at  one  end  of  the  tube. 
The  copper  leads  from  the  instmraent  are  attach- 
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ed  to  the  plug  head  "by  an  attachment  plug  as 
provided. 

The  voltage  produced  ty  the  thenno-couple 
is  measured  ty  a  high  resistance  millivoltme- 
ter.   By  the  use  of  high  resistance,  errors 
due  to  atmospheric  changes  in  the  temperature 
along  the  wiring  are  reduced  almost  entirely. 
The  millivoltmeter  scale  is  calitrated  to  read 
directly  the  temperature.   The  instrximent  con- 
sists of  a  permanent  magnet  with  its  pole  pieces, 
in  the  fields  of  vrhich  a  copper  wound  coil  swings 
in  jewelei  hearings.   A  zero  adjustment  screw  is 
provided  for  setting  the  needle  to  zero  on  the 
scale  to  take  care  of  the  variation  in  tempera- 
ture of  the  cold  jujiction. 
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PART  V.---I1ISTALLATI0H  OF  APPASATUS. 

20.Ueliling  COg  Meter  and  Pyrometer. 
21.G.E.    Steam  Flow  Meter. 
22.Venturi  Manometer. 
23. Draft   Gauges. 
E4.Millivoltmeter  Pyrometer. 
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— IHSTALLATIOE  OF  COg  METEE  and  PYHOMETEE-- 
The  box  containing  the  meter  was  brought 
to  the  place  where  the  instrtunent  was  to  "be  lo- 
cated. The  instrument  was  removed  froita  its 
wooden  case  and  placed  upon  a  platform  provid- 
ed for  the  purpose.   It  was  rigidly  fastened 
to  the  platform  %y  means  of  "bolts  and  located 
so  that  there  was  access  to  all  parts.   The 
location  is  as  shown  in  Fig.is).  A  diagram- 
matic arrangement  of  all  parts  connected  to  the 
instrument  is  shown  in  Eig.(24). 

The  sampling  tu"be  88  was  made  of  3/4"  iron 
pipe  and  cut  long  enough  so  as  to  extend  to  the 
middle  of  the  stream  of  gas  to  be  continuously 
sampled.   The  tube  was  placed  in  the  last  pass 
of  Boiler  Ko.  1.  at  a  point  just  before  the 
gas  leaves  the  boiler,  Fig.(4)« 

The  preliminary  filter  84  was  the  next 
thing  to  be  connected  up.   This  was  placed  at 
a  height  so  as  to  be  easily  reached  in  order 
to  change  the  filtering  material.  Pipe  of  3/4" 
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size  was  used  and  tees  with  the  open  ends  plug- 
ged were  provided,  instead  of  elbows,  to  faci- 
litate cleaning.  The  filter  tube  125  is  sealed 
by  bell  89,  cup  84  being  partially  filled  with 
thin  oil  to  the  overflow.  A  cross  section  of 
the  filter  is  shown  in  Fig. (25). 

The  condenser  was  placed  so  as  to  occupy 
the  lowest  point  in  the  gas  line.  A  l/4"  iron 
pipe  56A  was  connected  to  the  condenser  from 
the  filter  and  with  a  considerable  slope  toward 
the  condenser.   The  flexible  gas  connection  75 
makes  it  possible  to  lift  bell  89  out  of  the 
oil  seal  84.  The  cylindrical  filter  125  can 
then  be  easily  removed  and  replaced.   The  other 
end  of  the  gas  line  was  connected  to  line  56  of 
the  condBnser  and  led  to  a  point  Just  back  of 
the  instrument.   The  flexible  gas  connection 
59  as  furnished  with  the  unit  was  coupled  with 
a  1/4"  nipple  58,  Fig. (24),  to  fit  the  l/4"  gas 
line  56  from  the  boiler.   The  other  end  of  the 
connection  59  was  attached  to  filter  D,  Fig. (26) 
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A  steam  connection  was  also  provided  in  the 
line  to  "blow  out  the  line  in  case  it  would  "be- 
come plugged*  Drips  were  also  provided  to  "bleed 
the  line  in  case  water  might  get  into  it. 

Cold  water  was  provided  from  the  city  main 
to  the  condenser  "by  means  of  a  1/4"  iron  pipe 
80  and  provided  with  a  valve  to  regulate  tie 
flow  of  water.  The  overflow  from  the  condenser 
was  led  into  a  3/4"  drain  line,  so  that  the  a- 
mount  of  v/ater  flowing  from  the  condenser  was 
visible  to  economically  control  its  flow. 

In  order  to  provide  dry  steam  for  the  as- 
pirator of  the  instrument,  a  separator,  Fig. (27) 
was  made  as  shown.   This  was  constructed  of  3" 
pipe  and  3'  long  with  a  cap  on  each  end.  A  I/4" 
steam  supply  pipe  129  was  lead  to  within  a  few 
inches  of  the  "bottom  of  the  separator  as  shown. 
The  outlet  130  was  made  of  l/4"  pipe  fitted  with 
a  1/4"  valve.  A  drain  pipe  121  with  valve  was 
led  to  the  drain  line  so  that  drippings  could  "be 
visi'ble  to  insure  dry  steam.  Live  steam  was  led 
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to  the  separator  through  a  strainer  to  keep  the 
line  free  from  scale  etc.,  to  avoid  any  possibli- 
ty  of  the  aspirator  hecoming  clogged.  A  copper 
steam  pipe  63  provided  with  the  instrument  was 
connected  to  aspirator  E,  Fig. (24). 

Cross  50,  Fig. (8),  was  connected  to  the 
drain  line  by  means  of  3/4"  iron  pipe.   The  drain 
line  was  led  to  a  sewer  conveniently  located. 

The  fire  tute.  Fig. (9),  of  the  pyrometer  was 
placed  in  the  "breeching  at  a  point  where  the  gas- 
es leave  the  boiler^  Fig. (4).  Filter  98  was  cou- 
pled on  to  connection  103  and  a  3/8"  copper  tube 
124  was  led  to  one  point  on  filter  146,  Fig. (28). 

The  recording  gauges,  Fig.(30),  were  fast- 
ened to  the  wall  in  a  vertical  position  close  to 
the  main  instrument.  The  gauges  were  connected 
to  the  proper  points  on  the  main  instruments  by 
means  of  3/l6"  copper  tubing  provided  with  flon- 
ges  and  nut  on  each  end.   One  end  of  the  tubing 
to  the  COg  recorder  was  connected  to  the  connect- 
ion at  the  top  of  the  gauge  and  the  other  end  to 
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one  of  the  connections  on  filter  F'  at  steampot 
i'ig.(£8).  The  tuhing  to  the  temperature  record- 
er was  connected  in  like  manner  to  filter  146, 
Fig. (28).  After  the  recorders  were  set  in  place, 
cap  47  was  removed  "by  loosening  clamp  48.   The 
block  of  wood,  which  was  put  there  to  hold  "bell 
41  in  place  for  shipment,  was  removed,  and  mer- 
cury poured  into  the  opening  as  furnished  for 
the  gauge.   The  contents  of  a  small  hottle  of 
special  oil  was  added  to  cover  the  mercury  end 
prevent  oxidation.  A  small  rusher  hand  was 
placed  ardund  the  neck  of  the  cap  to  make  a 
tight  joint  "by  means  of  clamp  48.   The  pen 
point  provided  wi  th  the  instrument  was  insert- 
ed in  the  pen  arm  and  filled  with  ink  ready  for 
operation. 

The  auxilliary  COg  indicator  

Gr,  Fig. (8),  was  fastened  to  the  Boiler  Control 
Bo8rd,  Fig. (5).   Connection  was  made  between  the 
indicator  and  a  connection  on  filter  F'  at  steam- 
pot  by  means  of  3/16**  copper  tubing  wi  th  flange 
and  nut  at  eac^  end. 
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Wooden  cases  were  "btiilt  around  the  instru- 
ments so  as  to  keep  the  dust  away,  which  is  so 
conmon  to  the  hoile*  room.  Glass  was  placed  on 
all  sides  to  afford  a  view  to  the  scales  with- 
out opening  the  doors.  The  sides  were  made  re- 
movahle  to  allow  access  to  all  parts  for  repair. 
A  view  of  the  conpleted  meter  instsllation  is 
shown  in  Fig. (31) • 
—  IHSTALLATIOM  OF  STMM  FLOW  METER. -- 

A  section  of  the  main  steam  pipe  from  Boil- 
er HO.  1.  was  removed  for  installing  the  reducer. 
While  down,  a  hole  was  drilled  and  tapped  for  the 
nozzle  plug.  The  pipe  reducer  heing  furnished 
blank,  flange  "bolt  holes  had  to  he  drilled  to  pro- 
perly fit  the  flanges.   The  section  was  then  re- 
plbLced  with  the  nozzle  plug  in  place.   The  plug 
was  so  located  that  a  straight  run  of  eight  pipe 
diameters  preceded  the  leading  side  of  the  plug. 
The  purpose  of  this  was  to  ohtain  a  steady  flow 
without  eddy  currents. 

The  nozzle  was  screwed  into  the  main  so  that 
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the  arrow  on  th.e  plug  pointed  in  the  direction 
of  the  flow.   The  two  tent  sections  of  pipe  were 
screwed  into  the  two  holes  marked  "1"  and  "T" 
which  lie  in  the  seme  horizontal  plane.  The  other 
holes  "1"  and  "T"  were  closed  with  the  two  long 
plugs*  The  two  valves  wrre  then  screwed  on  to  the 
two  "bent  sections  of  pipe  and  the  nipples  into  the 
valves.  Lastly  the  reservoirs  were  screv^ed  on  to 
the  nipples.  These  we  placed  with  the  ends  mark- 
ed "Top"  at  thetop.  Careful  attention  was  given 
to  the  leveling  of  this  part  of  the  apparatus. 

The  meter  was  located  on  the  wall  at  the  cen- 
ter of  the  control  "board  Fig.  (5)  which  is  in  posi- 
tion for  direct  observation  by  the  fireman.  A  uni- 
versal wall  bracket  provided  with  the  meter  was 
rigidly  fastened  to  the  wall  by  means  of  expansion 
bolts.  Attention  was  given  to  the  leveling  of  this 
bracket  also. 

The  meter  body  was  then  placed  on  the  bracket 
and  securely  fastened  to  it  by  screv/s  provided  with 
the  instrument.   The  meter  was  connected  to  the  re- 
servoirs by  means  of  1/2"  standard  pipe  so  that  pipe 
"L"  of  the  meter  was  connected  to  the  "1"  side  of 
the  plug,  and  the  other  side  "T"  to  "T". 

With  the  cover  plate  removed,  the  front  case 
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was  placed  in  position,  with  the  two  screv/s  ex- 
tending through  the  ears  on  the  body  of  the  cast- 
ing and  fastened  with  the  two  thumb  nuts.   The  in- 
dicating needle  was  carefully  mounted  in  its  bear- 
ings allowing  a  little  play  to  avoid  damage  to  the 
pivot  points* 

The  cross  over  valve  (z)  Fig.ds)  was  opened 
and  the  meter  filled  with  clean  water.   Ten  and 
one-half  pounds  of  mercury  shipped  with  the  meter 
was  then  pourdd  into  the  casting.  The  sleeve  of 
the  internal  mechanism  was  lowered  into  position 
in  the  meter  body  so  that  the  hole  in  the  bottom 
of  the  sleeve  fit  on  the  corresponding  pin  in  the 
base  of  the  meter.   The  sleeve  was  fastened  in 
portion  by  a  small  screv/  and  washer  at  tbe  top  of 
the  sleeve  rod. 

The  float  of  the  internal  mechanism  was  care- 
fully lowered  into  the  hole  in  the  sleeve  so  that 
the  float  rested  on  the  mercury.  With  the  meter 
level,  full  of  water,  disconnected  from  piping 
and  cross  over  valve  open,  the  indicator  neeile 
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was  adjusted  to  zero.   The  rough  adjustment  was 
made  by  rotating  the  magnet  on  its  shaft  to  the 
right  or  left  as  necessary.   The  fine  adjustment 
was  made  hy  shifting  the  indicating  scale  slight- 
ly and  then  securely  fastening  it  in  this  posit- 
ion.  The  meter  was  completely  filled  with  water 
and  the  cover  plate  placed  on  pressure  tight. 
The  meter  was  then  connected  to  piping  and  was 
ready  for  operation. 

— IHSTALLATIOU  OF  VEBTURI  MAUOMETEE— 

The  Yenturi  tuhes,  recording  and  integrat- 
ing mechanism  were  installed  same  years  previous 
to  the  present  work  and  will  not  "be  discussed 
here.   The  only  apparatus  to  "be  installed  in  con- 
nection with  the  Venturi  meter  is  the  manometer 
which  is  located  on  the  boiler  contol  board. 

HoleB  of  1/2"  size  were  tapped  into  the  up- 
stream and  throat  sides  of  the  3"  Venturi  tube. 
Hippies  and  reducing  tees  were  attached  to  ac- 
comodate four  1/4"  valves.  Two  were  placed  for 
cutting  off  the  supply  to  the  manometer  and  two 
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for  relieving  sediment  and  air. 

Copper  tubing  of  5/16"  size  was  fitted  to 
the  valves  by  means  of  compression  couplings  and 
led  to  ttie  rear  of  the  boiler  control  board  Fig. 
(5).   The  manometer  was  placed  at  the  right  hand 
side  of  the  third  panel  as  is  shown  in  the  figure. 
Hippies  and  tees  were  also  provided  to  allow  for 
the  use  of  four  1/8"  valves.  Two  valves  are  of 
air  and  sediment  and  two  for  cutting  of  the  water 
supply  to  the  manometer.   The  copper  tubing  was 
connected  to  the  proper  valves  thus  completing 
connections  between  the  Venturi  tube  ahd  the  ma- 
nometer. A  1/4"  plug  WES  placed  in  the  reservoir 
to  retain  the  mercury  when  poured  in. 
—  lUSTALLATIOU  OF  DRAFT  GAUGES— 

The  installation  of  the  draft  geuges  is  best 
explained  by  reference  to  the  digrammatic  arrange- 
ment shovm  in  Fig. (32).  The  Blonck  meter  was  plac- 
et on  the  boiler  control  board  just  below  the  clock 
and  below  it  was  placed  the  Ellison  differential 
draft  gauge.  Fig. (5).  The  gauges  were  leveled  by 
means  of  the  level  glass  provided  on  the  instru- 
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ments  and  seeu«ly  fastened  in  position.   Instead 
of  using  eltows  to  "bring  the  connections  to  the 
hack  of  the  board  tees  were  provided  with  plugs 
in  the  open  ends.   This  allows  for  the  filling 
of  the  gauge  glasses  without  disconnecting  the 
instruments. 

Copper  tubing,  size  3/l6",  was  used  to  con- 
nect the  gauges  to  the  draft  tubes  in  the  boiler. 
Thei'  vertical  tube  of  the  Ellison  gauge  was  cross 
connected  with  the  damper  connection  of  the  Blonck 
gauge,  and  the  inclined  tube  of  the  Ellison  gauge 
was  cross  connected  with  the  ashpit  side  of  the 
BloncH  gauge.   The  three  leads  were  then  led  to 
points  in  the  furnace,  boiler  side  of  the  damper, 
and  ashpit;  each  to  its  proper  place.  Holes  were 
drilled  in  the  walls  of  the  boiler  to  reach  these 
points  and  1/8"  iron  pipe  was  inserted.   Over  the 
fire  a  calorized  tube  was  used.   The  copper  tub- 
ing was  fitted  to  the  iron  pipe  by  means  of  com- 
pression couplings.  All  joints  were  made  tight  and 
tested  for  leaks. 
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--I1TSTALLATI0H  OF  MILLIVOLTiETER  PYRO:-lETER- - 
The  location  of  the  fire  tute  for  the  milli- 
voltmeter  pyrometer  is  shown  in  Fig. (4).   This 
is  opposite  to  the  fire  tute  of  the  temperature 
unit  of  the  CO2  machine.  A  3/4"  hole  was  drill- 
ed into  the  breeching  an3.  the  fire  tuhe  insert- 
ed so  that  the  tip  of  the  tute  projects  ahout 
IE"  into  the  breeching. 

The  plug  attaciment  on  the  copper  leads  to 
the  instrumant  was  inserted  in  the  plug  head  of 
the  fire  tube.   This  forms  the  cold  junction. 
The  wires  were  led  over  the  front  of  the  boiler 
to  the  rear  of  the  boiler  control  board.  The 
wires  were  kept  separated  and  set  on  porcelain 
insulators  to  prevent  grounding. 

The  bracket  supplied  with  the  millivoltme- 
ter  was  regidly  fastened  to  the  wall  in  the  rear 
of  the  boiler  control  board  by  means  of  expansion 
bolts.  The  millivoltmeter  was  placed  on  the  brac- 
ket and  is  located  at  the  lower  left  hand  corner 
of  the  boftrd.   The  plus  side  of  the  instrument  was 
connected  to  the  plus  wire  of  the  leads. 


•■.;o  )•  f 


nW  ■ 


f\-      -^ 


f       -r  •). 


(115) 


PART  YI.--OPEKATIOH   OF  APPARATUS. 

25.Ueiiling  COg  Meter  and  Pyrometer. 

26. G.E. Steam  Flow  Meter. 

27.Venturi  Water  Meter. 

28. Draft  Gauges. 

29. The  Millivoltmeter  Pyrometer. 
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—  OPEHATION  OF  THE  COg  METER  AHD  PYF.OMETER-- 
The  operation  of  the  meter  can  "be  test  ex- 
plained by  refernece  to  Fig. (8).   Opening  valve 
1  starts  the  aspirator  R,  a  vacuvim  is  created  in 
chamberC",  which  causes  the  flow  of  gas  through 
the  system-  An  excess  of  gas  enters  through  59, 
D,  and  aperture  E  into  p  and  the  quantity  not  re- 
quired for  analysis  escapes  through  co'  into  C" 
direct.  A  continuous  sample  flows  from  p  to  F, 
from  F  into  g  where,  surrounded  by  the  exhaust 
steam  from  aspirator  1.   It  is  heated  to  212  de- 
grees, thence  passes  through  aperture  A  and  through 
t  into  the  absorption  chamber  H,  where  the  COg 
is  absorbed  by  the  caustic*  From  the  absorption 
tube  the  remaining  gasfLpws  through  e  and  F'  in- 
to f  where  it  is  again  heated  to  212  degrees,  then- 
ce passes  through  aperture  B  and  by  way  of  bb'  in- 
to chamber  C"  from  where  it  is  continuously  remov- 
ed by  the  aspirator  together  with  all  other  gases 
entering  the  chamber. 

The  water  in  the  manometer  tube  vv  shows  the 
height  fo  water  in  the  regulator  H.  above  the  line 
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xx'  and  must  be  kept  atove  the  48"  index  v. The 
water  level  in  glass  S  shows  the  6"  suction, 
and  the  water  level  in  the  U-hulh  M  shows  the 
resistance  in  the  gas  line  and  filters  plus  the 

chimney  draft . 

With  all  connections  made  and  regulator  H 
filled  with  11-1/2  gallons  of  water,  the  water 
levels  must  he  adjusted.   The  recording  line  is 
cut  off  hy  closing  cocks  4  and  2.   J  nad  8  are 
opened  and  steam  a  is  turned  on  through  the  as- 
pirator R  by  means  of  valve  1.   To  insure  dry 
steam  valve  55  must  be  giving  off  vapor.   Cock 
5  is  now  gradually  opened  until  the  manometer 
S  registers  at  the  pointer  A  large  bottle  I  full 
of  water  is  placed  on  tracket  120  at  the  back 
part  of  the  instrument.  The  rubber  tube  attach- 
ed tp  short  copper  tube  n  is  placed  to  extend 
into  the  water.  When  the  water  has  risen  to  the 
pointer  behind  bulb  S  cock  5  4s  in  proper  posi- 
tion* Water  column  V  is  now  noted.   If  the  water 
has  risen  about  1"  above  ind4x  H  sufficient  water 
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is  in  regulator  H.  If  the  water  is  below  index 
R  moremust  "be  added  by  opening  cock  6  until  the 
water  column  is  about  1"  above  index  v.   Cock 
6  is  then  closed.  If  on  the  other  hand  water  co- 
lumn V  is  more  than  1"  above  index,  water  must 
be  drawn  out  by  opening  cock  7  and  closing  valve 
1  at  successive  intervals  until  the  water  column 
Y  is  approximately  1"  above  index  v.   The  water 
column  should  not  be  allowed  to  fall  below  the 
index» 

U-bulb  M  is  filled  with  water  until  there  is 
about  4"  of  water  in  the  tube  and  is  attached  to 
the  rubber  tube  on  the  copper  tube  117.  Copper 
tube  117  extends  from  filter  D. 

The  caustic  carton  must  next  be  inserted. 
Wing  nuts  23,  J'ig.(33)  are  loosened  at  the  bot- 
tom of  carton  holder  E  and  the  cap  18  pushed  to 
one  side.  A  number  of  holes  are  punched  into 
each  end  of  the  carton  and  placed  in  the  hold- 
er with  the  part  marked  "Top"  at  the  top.  The 
round  rubber  ring  is  placed  between  the  holder 
H  and  the  cap  and  the  wing  nuts  23  are  screwed 
up.   The  rubber  ring  prevents  the  gas  from  pass- 
ing the  carton  14  and  the  holder  U  and  at  the 
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same  tine  makes  a   joint  "between  17  and  18,  Fig. 

(33). 

Vessel  K  is  filled  with  water  until  the  "bot- 
tom of  the  rod  31  is  just  touching  the  water. 
Cocks  4  and  2  are  now  opened  and  L,  G,  and  P  will 
register  somewhere  near  zero.  Before  adjusting 
for  zero,  the  instruments  are  tested  for  leaks. 
By  closing  cook  2  the  pressure  in  the  line  is 
much  reduced,  and  the  level  at  L  clim'bs  up;  when 
it  reaches  a  point  a"bout  6"  ahove  the  20  percent 
line,  cock  4  is  closed.   The  levels  in  L,G,  and 
P  should  remain  at  a  standstill  unless  there  is 
a  leak  in  the  instrument.   If  the  levels  remain 
constant  for  several  minutes,  the  adjustment  is 
satisfactory  for  practical  working. 

If  a  leak  is  indicated,  it  will  pro"ba"bly 
"be  in  the  connection  made  when  setting  up.  Each 
unit  can  "be  tested  independently.  A  leak  is  most 
likely  to  occur  in  the  joints  of  the  absorption 
cham"ber  M  which  holds  the  ct:ustio  carton.  Before 
looking  elsewhere  for  a  leak,  it  is  good  practice 
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to  make  sure  that  the  atsorter  H  is  properly 
placed,  and  thit  the  mihber  rings  are  in  the 
proper  position.   If  a  connection  is  taken 
apart,  care  must  he  taken  to  put  it  hack  tight. 

To  hlank  off  the  hoiler-rooia  gauge,  dis- 
conjiection  is  made  near  filter  F'  •   The  open- 
ing is  closed  hy  a  copper  hlanking  disc  and 
nut.   The  machine  is  tried  again  for  leaks. 
To  test  the  indicator  alone,  the  tuhing  is 
disconnected  at  15  and  the  opening  placed  in 
the  mouth.  The  colximn  of  oil  is  sucked  up  un- 
til it  reaches  2-  per  cent  and  the  opening  is 
closed  with  the  tongue.   If  the  column  stands 
steadily  the  leai  is  in  the  tuhing  or  connect- 
ions; if  not,  the  leak  is  in  the  indicator  it- 
self in  the  Joint  hetween  top  piene  15  and  the 
glass  tube.   This  top  piece  with  glass  tube 
can  be  removed  by  loosening  the  set  screw.  The 
joint  between  the  glass  tube  and  the  top  piece 
is  made  by  means  gasket  on  the  glass  tube  with 
a  washer  and  nut.   In  the  same  ipanner  the  re- 
cording gauge  is  blanked  off  and  tested. 
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To  test  the  recorder  elone,  the  tubing  at 
the  top  of  the  recorder  is  disconnected.   In  re- 
moving the  recorder  name  plate,  the  counterweight 
can  "be  lifted  up  until  the  pen  point  reaches  the 
20  per  cent  line.  If,  on  closing  the  opening  at 
the  top  of  the  gauge,  the  pen  does  not  sink, then 
there  is  no  leak.   The  most  likely  leak  is  ahout 
cap  47.   There  is  small  chance  for  a  leaky  valve, 
but  should  a  valve  leak,  the  leak  can  he  stopped 

with  vaseline. 

In  adjusting  for  zero,  the  machine  is  run 
on  air  for  ahout  15  minutes.   The  levels  in  S,Y, 
and  £,  are  noted  so  that  they  are  correct.  By 
closing  valve  4  for  an  instant  to  allow  the  liq- 
uid in  gauge  L  to  drop;  and  noting  the  position, 
for  a  few  times,  at  which  it  comes  to  rest,  ad- 
justment can  then  be  made.   The  scale  on  the  In- 
strument is  moved  to  make  its  zero  point  at  the 
water  level  in  L,  the  small  pen  of  gauge  P  is 
moved  on  its  support  so  that  it  will  register 
correctly,  and  the  boiler-room  gauge  is  adjusted 
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by  twisting  reservoir  16. 

By  closing  oock  8  the  instrument  is  thrown 
on  the  gas  and  the  COg  content  will  register.  Too 
great  a  suction  on  manometer  M  Is  most  likely  due 
to  filter  125  "being  clogged.   In  continuous  run- 
ning the  condition  of  the  carton  H  is  told  hy 
the  position  of  the  zone  of  highest  temperature 
upon  it.  The  gas  combines  with  the  caustic  with 
an  evolution  of  heat,  and  this  heat  zone  is  a 
fresh  carton  will  be  where  teh  gas  enters. 

The  temperature  unit  is  tested  for  leaks 
in  a  manner  similar  to  that  above  described.  To 
make  sure  that  there  are  no  leaks  in  the  joints 
made,  cock  99  is  closed  Fig. (9).   Cock  0  is  then 
opened.  This  will  cause  the  temperature  water 
column  on  the  instrument.  Fig. 626)  to  rise.  '.Vhen 
the  water  has  risen  to  3000  degrees  and  cock  0 
is  closed,  the  water  column  will  come  to  rest  if 
the  unit  is  tight.   If  cock  0  and  99  is  then  open- 
ed the  machine  will  show  the  proper  temperature. 
if  there  is  any  difference  in  the  readings  between 
the  machine  and  recorder,  the  pen  of  the  recorder 
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can  "be  adjusted  to  correspond  by  means  of  the 
adjusting  screw. 

The  clocks  should  "be  wound  daily.  Filter 
125  should  be  replaced  as  necessary,  depending 
on  the  condition  of  the  flue  gas  sampled.   If 
there  is  any  discrepancy  "between  the  indica- 
tion of  the  recording  gauge  and  that  of  the  wa- 
ter column  at  L,  a  discrepancy  most  apt  to  oc- 
cur when  the  CO2  content  is  "between  10  and  15 
per  cent,  it  will  "be  necessary  to  set  the  gauge 
at  these  points,  correcting  for  the  difference, 
rather  than  at  zero.  The  difference  will  not 
involve  an  indication  of  more  than  0.5  per  cent 

of  002. 

After  same  time  of  running,  difference  is 
in  indications  may  appear.  If  the  water  level 
in  lDul"b  S  is  high,  the  water  level  in  K  should 
be  noted  if  it  is  right.  If  the  level  in  bulb 
S  is  still  high  after  adjusting  valve  5,  aper- 
ture E  of  cock  J  may  be  dirty.  Fig. (29).  If 
cleaning  aperture  E  does  not  bring  the  6"  suc- 
tion down  ^6  tlie  index,  then  the  cotton  filter 
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l5  may  "be  packed  too  tightly  or  may  liave  gotten 
wet  from  the  water  in  the  U-tulh  M.  To  clean 
filter  D,  it  is  opened  at  the  bottom.  When  clean 
cotton  is  replaced,  it  must  "be  put  in  loosely. 
If  the  suction  "bulh  is  low  after  adjusting  valve  5, 
coo  J  should  "be  tried  to  see  if  it  is  loose  and 
that  the  connecting  points  of  copper  tubes  u  and  1 
are  tight. 

Each  time  a  new  carton  is  inserted  test  for 
leaks  and  adjustment  of  zero  should  be  made.   The 
cartons  have  different  resistances  and  each  new 
carton  may  change  the  zero  adjustments  slightly. 
Also  in  course  of  time  the  zero  may  get  so  high  as 
not  to  be  reached  by  the  sliding  scale.  The  var- 
iation is  due  to  aperture  A  or  filter  F  being  clog- 
ged. The  cotton  in  filter  F  should  be  changed  and 
a  good  joint  made  in  replacing  the  c«p.   If  the  zero 
is  still  high,  aperture  A  should  be  removed,  Fig. (34) 
and  (35).  The  aperture  piece  should  be  held  under  a 
jet  of  dry  steam  and  allowed  to  play  on  the  platinum 
center  of  the  aperture  piece  for  15  to  20  seconds  on 
each  side.   The  tiny  hole  should  not  be  touched  with 
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anything,  as  around  its  edges  is  a  selvage  that 
may  he  "bent  over,  thus  changing  the  sixe  of  the 
arifice.  The  aperture  piece  should  he  replaced 
in  the  holder  in  its  original  position. 

If  the  column  in  the  U-bulh  fluctuates  there 
is  prohahly  water  in  the  gas  line.   The  water  can 
"be  trapped  "by  cocks  placed  in  the  law  points  in 
the  line. 
—  OPEKATIOH  OF  STEAM  FLOW  METER— 

lor  perfect  operation  all  air  must  he  remov- 
ed from  the  pipes  and  completely  filled  with  water. 
With  pressure  in  the  main  pipe  and  cross  over  valve 
open,  tbe  two  blow-off  valves  and  meter  valves  were 
opened.  Fig. (13).   The  valves  "L"  and  "T"  at  the 
nozzle  plug  were  carefully  opened  about  1/4  turn  so 
that  the  steam  slowly  drove  all  air  out  of  both 
pipes  and  flowed  out  of  blow-off  valves  thus  pre- 
venting re-entrance  of  air.  While  the  steam  was 
blowing  blow  off  vslves  were  closed  and  valve  "T"« 
Time  was  allowed  for  the  pipes  to  cool  sufficient- 
ly to  show  that  the  steam  flowing  in  slowly  through 
valve  "L"  condensed  and  filled  both  pipes  with  water. 
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Velve  "L"  was  then  opened  wide  &nd  cross  over 
valve  closed.  Finally  valve  "T"  was  opened.  The 
meter  was  then  checked  "by  the  water  coltunn  test 
to  see  if  it  properly  registered  the  flow.   In 
calihrating  the  meter  its  piping  need  not  be  dis- 
turbed and  a  method  of  testing  is  shown  in  Fig. 
(36).  The  reservoir  valves  are  closed,  cross  over 
valve  open  and  plugs  removed  from  the  reservoirs. 
The  glass  water  column  tube  is  connected  to  the 
hole  directly  beneath  the  "L"  pipe  on  the  cross 
over  valve  block.   The  plug  from  the  cap  on  the 
meter  cover  is  removed  to  establish  zero  on  the 
"T"  side.   The  glass  tubing  is  filled  with  water 
up  to  the  zero  point,  and  a  rule  provided  to  show 
the  height  of  water. 

The  scale  is  provided  with  three  marks  cor- 
responding to  the  water  columns  given  in  the  table 
below. 

WATEE  COLUM  IHCHES 


SCALE  MARKS 

1 

2 

3 

2.59 

9.59 

20.75 

.fi  ; 
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If  the  meter  is  in  calibration  the  indicat- 
ing needle  will  register  the  corresponding  points 
given  as  the  water  level  is  elevated  from  point 
to  point* 

—  OPEHATIOH  OF  YillJTURI  MAHOMETEB— 

All  connections  having  "been  made  and  tested 
for  leaks,  the  mercury  was  poured  into  the  reser- 
voir of  the  manometer  to  the  zero  point  of  the 
scale.  All  valves  "being  close4,  the  two  valves 
at  the  Yenturi  tube  leading  to  the  manometer  are 
opened.   This  brings  the  water  to  the  valves  at 
the  manometer.  With  the  valves  at  the  manometer 
closed,  the  two  sediment  end  air  valves  are  open- 
ed. When  the  system  is  free  from  air  the  mano- 
meter valves  are  opened  and  the  air  in  the  mano- 
meter is  drawn  out.   The  sediment  and  a±r  valves 
are  then  closed  and  the  manometer  scale  will  in- 
dicate the  flow  correctly.  Ho  attention  is  re- 
quired when  once  in  operation. 
— OPEBATIOH  0^^   DRAFT  GAUGES- - 

The  plugs  were  removed  from  the  tees  at  the 
gauges  and  blue  oil  was  put  into  the  top  glass  of 
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the  Blonck  meter  through  the  openings  until  the 
gauge  read  zero  when  level.  In  like  manner  red 
oil  was  put  into  the  lower  gauge  of  the  Blonck 
meter  and  Ellison  gauge.   The  plugs  "being  re- 
placed and  tight,  the  draft  gauges  read  the  pro- 
per amount.   The  sun  of  the  readings  on  tMe  two 
gauges  of  the  Blonck  meter  should  be  equal  to 
the  reading  of  the  Ellison  gauge.  This  serves 
as  a  useful  check  on  its  operation. 

The  sliding  scales  are  next  adjusted  for  the 
poiat  of  perfect  firing.  Thej/  are  adjusted  at 
test  operating  conditions»  for  average  load  on 
the  boilers.  The  best  adjustment  results  when: 
(l)  there  is  a  good  white  fire,  (2)  the  grate  is 
well  covered,  (s)  the  COg  is  high,  there  is  a  low 
draft  over  the  fire,  and,  (4)  there  is  a  high  pres- 
sure drop  between  fire  and  damper.  Little  or  no 
attention  is  required  when  the  gauges  are  once  in 
operation. 

— OPEEATIOH  OF  THE  MILLIVOLTMETER  PYr.OMETEH— 
The  operation  of  the  millivoltmeter  pyrometer 
is  continuous  while  the  boiler  is  in  operation  ' 
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and  the  only  attention  required  is  the  zero  ad- 
justment. When  the  leads  are  disconnected  from 
the  fire  tutoe  at  the  plug  head  the  instrument 
should  tead  zero.   If  this  is  not  the  case  the 
adjustment  screw  on  the  instrument  is  turned  to 
bring  the  neeile  to  zero*   It  is  necessary  to 
do  this  occasionally  as  the  needle  will  read 
high  or  low  by  the  amount  it  is  out  of  adjust- 
ment. 

After  some  time  it  is  necessary  to  again 
calibrate  the  instrument.   This  is  done  by  com- 
parison with  the  readings  of  a  standard  thermo- 
couple.  The  standard  thermocouple  is  placed  in 
one  end  of  an  electric  furnace  and  the  thermo- 
couple to  be  calibrated  in  the  other.   The  tem- 
perature in  the  furnace  is  gradually  increased 
and  the  readings  compared.  A  correction  curve 
is  then  plotted. 
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